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a Virus Disease of Rice and Other Gramineae’ 


W. DWIGHT PIERCE? 


Los Angeles County Museum, Los Angeles 7, California 


ABSTRACT 


At Cotaxtla, Veracruz, Mexico, up to 60% parasitiza- 
tion by the elenchid SOGATELENCHUS mexicanus 
has been found in the fulgoroid homopteron Sogata cubana 
(Crawford) (family Araeopodidae; formerly Delphaci- 
dae), with a maximum of 6 parasites in one host. The 
virus disease “hoja blanca” is transmitted on grasses by 
S. cubana, and on rice by Sogata orisicola. The latter 
species, less common than S. cubana, is also parasitized 
by the same new strepsipteron, for which detailed descrip- 
tions are given of the male and female, developing eggs 


Under date of November 17, 1960, William R. 
Young, Associate Entomologist of the Mexican Agri- 
cultural Program of the Rockefeller Foundation, in- 
formed the writer that the “delphacid” leafhopper 
Sogata cubana (Crawford, 1914) is parasitized to 
as high as 60% by Strepsiptera. This leafhopper is 
the vector of the virus disease “hoja blanca” on 
grasses, and perhaps rarely on rice; the common vec- 
tor on rice is Sogata orizicola Muir, 1926, first de- 
scribed from British Guiana.* Hoja blanca has not 
caused serious losses on rice in Mexico as yet, but has 
been of considerable importance in Cuba, Venezuela, 
Colombia, and some Central American countries. In 
recent years it has been reported from the south- 
eastern United States. 

The writer immediately wrote Mr. Young that he 
thought propagation and distribution of the para- 
sitized leafhopper could possibly aid in control of 
the rice disease; and on January 4, 1961, he wrote 
again, suggesting that a search for the native winter 
host plant might yield a possible reservoir for the 
virus. 

Meanwhile, early in December 1960, Mr. Young 
sent for identification 15 adult male Strepsiptera that 
had issued on September 14, together with 72 para- 
sitized leafhoppers, all collected by Alejandro Ortega 


1 Partial cost of publication of this article was met by The 
Rockefeller Foundation. Accepted for publication April 1, 1961. 

2The author appreciates the courtesy of The Rockefeller 
Foundation in permitting him to make these studies, and also in 
providing financial assistance for publishing this report. 

8 After this article was submitted for publication, the author 
received information from Mr. Young under date of April 7, 
1961, that Sogata orizicola is also parasitized by the new strep- 
sipteron in the field. that S. orizicola is less numerous than S. 
cubana, and that only very few rice plants have shown symptoms 
of the virus disease. 


in the female, triungulinid, larval stages, puparium, 
prepupa, and first and second pupae. The mature insects 
are instar XII. The earliest attack determined was by 
the triungulinid upon the second-instar nymph of the host. 
Tabulations show relationships of the various instars of 
the parasite to the sex and instar of the host. The Strep- 
sipterous parasites of the Araeopodidae belong to the 
families Elenchidae and Halictophagidae; the world list 
of known Elenchidae includes 7 genera and 11 species. 


on rice at Cotaxtla, Veracruz, Mexico. On January 
3, 1961, Mr. Ortega found another colony of leaf- 
hoppers in all stages of development, and these were 
received by the writer on January 20. This is unusual 
material. It not only represents the first Strepsiptera 
of the family Elenchidae from south of the United 
States, but includes the greater part of the life-cycle 
story of a new genus and species. In fact, we know 
from this lot more about the new species than all that 
was previously known for the entire family Elenchidae 
for the world. 

The new parasite classifies immediately to Super- 
family Elenchoidea Pierce, 1908, with two-segmented 
tarsi, and to the family Elenchidae Pierce, 1908, with 
five-jointed antennae. The simple wing formation, 
with five primary veins and two fragmental veins, 
separates it from the described genera. The thoracic 
structure also separates this new genus from all pre- 
viously described Strepsiptera. 


Family ELENcCHIDAE Pierce 


The family Elenchidae includes the following 


known genera and species: 


I. Genus Elenchus Curtis, 1831. 

1. walkeri Curtis, 1829 (Stylops) 
known; England, Ireland. 

2. tenuicornis Kirby, 1815 (Stylops); parasite of Li- 
burnia species; England. The genus Liburnia 
has been dropped; probably the host belongs to 
a genus related to Megamelus Fieber. 

3. templetonti Westwood, 1835; host unknown; Mauri- 
tius. 

4. melanias Perkins, 1910; parasite of a 
Hawaii. 

4a. melanias_ silvestris Perkins, 
“delphacid ;” Hawaii. 


(type); host un- 


“delphacid ;” 


1910; parasite of a 
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II. Genus Elenchoides Pierce, 1909. 

1. perkinsi Pierce, 1909; parasite of Perkinsiella vitien- 
sis Kirkaldy; Fiji. 

III. Genus Liburnelenchus Pierce, 1918 (Mecynocera 

Pierce, 1908, not J. C. Thompson, 1888). 

1. koebelei (Pierce, 1908) (Mecynocera) (type); 
parasite of Delphacodes campestris (Van Duzee) 
(Liburnia) and D. lutulenta (Van Duzee) (Li- 
burnia) ; Ohio. 

2. heidemanni Pierce, 1918; parasite of Delphacodes sp. 
(Liburnia) ; Maryland. 

IV. Genus Elenchinus Pierce, 1918. 

1. heidemanni Pierce, 1918; parasite of Megamelanus 
sp.; Maryland. 

V. Genus Sogatelenchus Pierce, 1961; herein described. 
1. mextcanus Pierce, 1961; parasite of Sogata cubana 

(Crawford) ; Mexico. 

VI. Genus Pentagrammaphila Pierce, 1909. 

1. uhleri Pierce, 1909; parasite of Pentagramma vit- 
tatifrons Uhler; “Dacota.” 

VII. Genus Deinelenchus Perkins, 1905. 

1. australensis Perkins, 1905; parasite of Platybrachys 
_sp.; Queensland. 

Undescribed elenchid; parasite of species of Sardia 
Melichar, 1903 (Hadeodelphax Kirkaldy, 1906) ; 
_Australia. 

Undetermined elenchid; parasite of Aloha ipomocae 
Kirkaldy, 1904; Hawaii. (Elenchus tenuicornis, 
Muir, 1906.) 

Thus the new genus here described belongs to a 
family widely spread over the world, with at least 7 
genera and 11 species. 

All of the known hosts are Fulgoroidea. While 
Platybrachys is assigned to the fulgoroid family Is- 
sidae, subfamily Eurybrachinae, all the other host 
genera belong to the family we have known as 
Delphacidae, now classified by Brues, Melander, and 
Carpenter, 1954, as Araeopodidae (Araeopidae Met- 
calf, Delphacidae Dohrn), on the grounds that Del- 
phax Fabricius, 1798, preoccupied by Delphax Wal- 
baum, 1792, in Mammalia, becomes Araecopus Spinola, 
1839. 

The host genera of the Elenchidae thus are Araco- 
pus Spinola, 1839 (Delphax Fabricius, 1798), Del- 
phacodes 1866; Megamelus Fieber, 1866; 
Pentagramma Van Duzee, 1898; Megamelanus Ball, 
1902; Perkinsiella Kirkaldy, 1907; Segata Distant, 
1906; Sardia Melichar, 1903 (Hadeodelphax Kirk- 
aldy, 1906); and Aloha Kirkaldy, 1904 (all Araeo- 
and Platybrachys Stal, 1859 (Issidae). 

While the Araeopodidae are the typical hosts of 
Elenchidae, they also are attacked by certain genera 
of the strepsipterous family Halictophagidae, as fol- 
Vuirixenos Pierce, 1908, attacks Dicranotropis 
muirt Kirkaldy and Perkinsiella saccharicida Kirkaldy 
in Java; Delphacixenos Pierce, 1918, attacks “Del- 
phax” striatellus Fabricius in Russia; and Steno- 
cranophilus Pierce, 1914, attacks Saccharosydne sac- 
(Westwood) on sugar cane in Puerto 
Rico. Thus the araeopodid genera that are hosts of 
Halictophagidae are Dicranotropis Fieber, 1866: 
Perkinstella Kirkaldy, 1906; Saccharosydne Kirkaldy, 
1907; and Araeopus Spinola, 1839 (Delphax Fabri- 
cius, 1798, preocc.). 


? 


Fieber, 


podidae \'s 


lows: 


charivorus 
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Also parasitic on Fulgoroidea are three other 
genera of Halictophagidae: Neocholax Pierce, 1909, 
of Java, and Megalechthrus Perkins, 1905, of Aus- 
tralia, attacking Issidae; and Colacina Westwood, 
1877, of Sarawak, Borneo, attacking Epora in the 
Poekillopteridae, subfamily Tropiduchinae. All other 
genera of Halictophagidae attack tettigoniid leaf- 
hoppers. 

The leafhoppers of the family Araeopodidae (Del- 
phacidae) have the hind tibia provided with a strong, 
movable spur at the apex, and the fore wings are 
without costal area. Development is rapid. In Mexi- 
co’s warm climate there are many generations an- 
nually, merely slowing up in the winter season. 

With the scattered, world-wide distribution of the 
known Strepsiptera that parasitize Fulgoroidea, it 
is reasonable to expect that careful study of these 
Homoptera will yield many more species in the two 
families Elenchidae and Halictophagidae; and, in- 
asmuch as these leafhoppers are proving to be car- 
riers of sugar cane and rice viruses, their parasites 
become much more important. Perkinsiella vastatrix 
transmits the virus of Fiji disease of sugar cane in 
the Philippines. 

The host-parasite relations between Sogata and its 
parasite, as revealed by the material now at hand, are 
so interesting that the writer, following Dyar’s law 
of growth, charted the sizes of the leafhopper nymphs 
to determine the instars of the hosts from which the 
parasites were derived. The lengths of the nymphs, 
in millimeters, are approximately as follows: Instar I, 
0.56 to 0.90; II, 0.91 to 1.35; III, 1.36 to 1.70; IV, 
1.71 to 2.05; and V, 2.08 to 2.90. 

As noted above, 60% of the leafhoppers found by 
Mr. Young were parasitized. This represents the 
highest incidence of leafhopper parasitism on record. 

Never before has it been possible to show the dis- 
tribution of the immature stages of strepsipterous 


parasites by location and sex of hosts. The data in 


tables 1 to 3 give this information in detail, and 
prove that the parasites are attacking the host from 
the first instar to its maturity. 

The September lot included 27 male and 42 female 
leafhoppers, of which all Lut 2 females were para- 
sitized. The January lot was not selected, and con- 
tained 77 nymphs, 28 males, and 33 females ; of which, 
on examination and dissections, 41 nymphs, 14 males, 
and 18 females proved to be parasitized—a total of 
53.2% parasitism. 

To those not acquainted with Strepsiptera it may 
be briefly stated that these are among the most in- 
teresting of all insects. They have both free-living 
and parasitic stages. Development is hypermetamor- 
phic—that is, there are more stages of developments 
than merely egg, larva (with five instars), pupa, and 
adult. In this extreme type of hypermetamorphosis 
the legless and eyeless female, with only rudimentary 
mouthparts, becomes a mere sac of eggs and remains 
throughout life in the host body. After fertilization 
by the male, the eggs develop into free-living triun- 
gulinid larvae. These larvae pass through valves into 
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Table 1.—Detailed data on parasitism of Sogata cubana by Sogatelenchus mexicanus. 


Leafhopper Parasites 


host per host Il Ill IV 


41 nymphs, 
as follows 


Instars, invisible in hosts’ bodies Visible 
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60 females, 
as follows 


~NoronorKee— 


2 De Whe 


tobe 
ea ety bo tat ac Ga 
+O +0 +0 +0 40 


All para- 
sitized 


hosts 143 


Total parasites, 216* 


8 Not including 15 adult males that issued from hosts not seen by the writer 


a canal between the final skin of the female and her 
prior, uncast skin. This canal (through which, also, 
the male injects its sperm) opens between head and 
thorax on the cephalothorax, which the female has 
extruded between two segments of the host’s abdomen. 


The free-living larvae leave the mother and the 
host, and move about on the foliage of the host plant. 
When a new host walks by, they climb aboard and 
enter its body. This happens when the leafhopper is 
immature. In the host’s abdomen the tiny larva loses 
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Table 2—Frequency of single and multiple parasitism 
in hosts. 


Number of parasites 
per host Total no. 
para- per 


4 host 


Leafhopper 
he sts 


bh 


41 Nymphs 

42 Adult males 

60 Adult females 

143 Total hosts 
Total parasites 


— 1 
0 ] 
QO 6 


DO bo bo 


Qe 
&rONNI OO 


to 
_ 


a Not including 15 males that issued from hosts not seen by the 
writer. 
its legs, becoming a simple, legless type, and develops 
entirely by the process of absorption, not using its 
rudimentary mouthparts to destroy host tissues. Ap- 
parently six or seven instars are passed entirely in 
the host’s abdomen before the mature larva pushes 
its head out between the abdominal segments of the 
host. 

The female larva has lost all appendages and organs 
except a pair of rudimentary mandibles, which proba- 
bly aid her in pushing her way through the inter- 
segmental skin of the host. The female cephalo- 
thorax is more reduced in the Elenchidae than in 
any of the higher families, and consists of a narrow 
head arch with the mandibular rudiments, and a 
narrow, basal, thoracic band. The wide opening of 
the brood canal is located ventrally between head and 
thorax. The female shows only a little, flat disc, 
thrust out between the host’s segments and bearing 
a great opening for fertilization. The male puparium, 
which is exposed, widely distends the host abdomen. 
The mature, winged male emerges after pushing off 
the cap, or cephalotheca, then extends its wings and 
flies about in search of females on the underside of 
the abdomen of host leafhoppers. 


Genus Sogatelenchus, new genus 
Type species: Sogatelenchus mexicanus, new spe- 


cies. 
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The genus is parasitic in the bodies of fulgoroid 
leafhoppers of the family Araeopodidae, genus Sogata 
Distant, 1906. 

Ma.e.—Antennae five-jointed, third joint laterally 
produced, longer than fourth, fifth as long as third. 
Head deeply emarginated dorsally by the arched pro- 
thorax; mesothorax also arched forward to base of 
eyes; pro- and mescthoracic intersegmental skins as 
wide as the bands. Metanotum large, as wide as the 
eyes; with praescutum triangular, not reaching trans- 
verse scutellum. Scuti united behind praescutum, 
reaching humeral plates covering base of wings. 
Parascutellum at sides of scutellum, diagonal. Scutel- 
rounded anteriorly, base 
subtriangular, 
Postscutellum 


lum transverse, broadly 
broadly lobed. Postlumbium 
branous, narrowly rounded at apex. 
half as long as metathorax, broadly rounded, enclos- 
ing postlumbium. Metasternum and epimeron very 
large and protuberant, greatly enlarging the body 
height to twice the height of the abdomen. Legs with 
small coxae; pro- and mesotrochanters elongate, as 
long as the femora; tibiae shorter; tarsi two-jointed, 
the slender second joint arising near middle of first 
joint. Wings with costa and subcosta close together, 
bracing the anterior margin; only an unattached 
portion of radius present; media unbranched, slightly 
detached at base; cubitus a short, faint, unattached 
vein; two anal veins slightly detached at base. 


mem- 


Sogatelenchus mexicanus, new species 


cubana (Crawford, 1914) (Di- 
described from Habana, Cuba; 


Host.—Sogata 
cranotropis cubanus) ; 
reported from Puerto Rico. 

Type MartertaAL.—Collected at 
Cruz, Mexico, by Alejandro Ortega. 
issued September 14, 1960; other specimens Septem- 
ber 17, 1960, and January 3, 1961. 

Holotype specimen, male No, 3, 
No. 14, and paratype series in Los Angeles County 
Museum. Paratype series have been deposited in 
the U. S. National Museum and in the collection of 


Cotaxtla, Vera 
Male parasites 


allotype female, 


Table 3.—Location of Sogatelenchus mexicanus in its host Sogata cubana. 


Parasites 
inside 
host body 


Sex of 
Parasite 


Leafhopper 
hosts 


Nymphs 


= KD 


Parasites located behind pleural plates 


Total 


6 7 | parasites 


Who 


bo & ho bo 





Males 


— WAND © ho 


mw 
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Females 


w 





mh 
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All hosts 


— 
— 


on 
un 


Total parasites 


_ 
SIDR 
NIP ONO UN 


Vv 
—_ 


@ Not including 15 males that issued from hosts not seen by the writer. 
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the Instituto Nacional de Investigaciones Agricolas 
S.A.G., México, D. F. 

Mate.—Body 1.28 mm. long; wing expanse 2.16 
mm. ; single wing 0.96 mm. (fig. 13). 

Color light brown; eyes black; wings smoky, with 
brown veins. 

In addition to the characters given in the generic 
description: Mouth parts (fig. 15) consisting of 
sharp, falciform mandibles and short, two-jointed 
maxillary palpi arising at side of face near eyes; eyes 
with 25 ommatidia. Aedeagus (fig. 16) at base 
sharply enlarged from tip of ninth sternum, slightly 
bent beneath at middle, with slightly upturned apex ; 
nearest in form to that of Liburnelenchus koebelei 
Pierce. 

Laterally on the short mesopleuron, below the 
balances, there is a special spiracular organ with 
ringed boundary and delicate, concave sculpture. This 
may be analogous to the stigmatal lobe described for 
Xenos hubbardi Pierce (Acroschismus) in 1909 (see 
fig. 14). 

FEMALE.—Body 1.32 mm. long, 0.64 mm. wide; 
cephalothorax 0.2 mm. long, 0.16 mm. wide; opening 
of brood canal 0.08 mm. long (fig. 7). 

The cephalothorax is the simplest yet known. The 
head consists of two areas, the strongly arched vertex 
and the semicircular face, the latter bearing only two 
approximate mandibular rudiments. The posterior 
margin is wavy, three-lobed, and margins the wide 
brood canal opening, behind which is the narrow, 
semicircular, thoracic band. The brood canal is 
faintly indicated, five segments long, and only two 
openings have been noted, although three have been 
recorded for other elenchids. The remainder of the 
insect is a great sac of eggs. 

Ecc.—The eggs begin development in the female 
larvae at least by instar IV, completely filling the 
body. At first they are almost spherical measuring 
about 0.023 mm. in instars IV to VI, 0.028 mm. in 
instar VII, and 0.038 mm. in instar IX. In the adult 
female with cephalothorax exserted they measure 
0.057 mm. (see figs. 5, 6, and 7). The eggs lengthen 
as the embryos develop. Finally they hatch, and the 
free, white larvae completely fill the parent body. 
The eye spots then develop, and when the triungu- 
linids are ready to issue the eyes are completely pig- 
mented and faceted. 

Instar I (Triungulinid; fig. 1).—Body 0.15 mm. 
long; with cerci, 0.21 mm. Eyes large and black, the 
separate ommatidia closely crowded. Face between 
eyes wedgelike, not much wider than individual eyes. 
Sides of head prolonged laterally, including ventrally 
the entire prothorax and half of the mesothorax (this 
anticipates the invasion of the head by the prothorax 
and mesothorax in the adult male). Legs very small 
and fragile, consisting of coxa, femur, a long tibio- 
tarsus, and curved tarsal claw (fig. la). Ninth seg- 
ment with a seta laterally at each apical corner. Tenth 
segment with a ventral raised area from which long 
cerci arise. 
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This triungulinid larva is different from any other 
yet seen. 

Triungulinids pass from the mother onto the body 
of the host by traversing the mother’s brood canal 
and emerging through the large, semilunar opening 
between her head and the narrow thoracic band. They 
leave the host and move about on the host plant, 
finally encountering a leafhopper whose leg they 
probably grasp and climb aboard. .Dissections have 
shown that entry is gained at least in instar II of 
the leafhopper. A triungulinid, still unmodified, meas- 
uring 0.12 mm. long, is still in the abdomen of second- 
instar nymph No. 75; and another triungulinid, meas- 
uring 0.16 by 0.04 mm., was extracted from male 
leafhopper No. 111. 

InsTAR II (First Parasitic Larva).—This stage has 
lost all legs and appendages, but has the small, black 
eye patches. The body is segmented, rather oblong, 
and measures 0.16 to 0.21 mm. long by 0.08 mm. wide 
(fig. 2). 

Instar III (Second Parasitic Larva).—Head dis- 
tinctly separated, semicircular in outline, with dis- 
tinct eye spots. Anterior segments a little wider than 
those that follow, but last abdominal segment not as 
wide. Length varies from 0.24 to 0.36 mm., and width 
from 0.08 to 0.12 mm. (Fig. 3). 

Instar [V.—More slender, with large, semicircular 
head, without eye spots. Length varies from 0.40 
to 0.52 mm., and width from 0.12 to 0.24 mm.; the 
wider specimens apparently female. There are evi- 
dences of egg formation in this instar. ( Fig. 4). 

InstaR V.—Sexual differences are apparent. The 
female is beginning clearly to show egg formation, 
and the head is narrower than the body. The male 
(fig. 8) shows a wide head area, with delineation of 
the large eye zone, and the thorax shows faint de- 
velopment of the leg and wing zones. Last abdominal 
segment wide. Male larvae measure 0.56 to 0.68 mm 
long and 0.16 to 0.56 mm. wide, female larvae 0.56 to 
0.69 mm. long and 0.32 to 0.48 mm. wide. 

InstarR VI.—The female is a top-shaped sac of 
eggs, with a small, transverse head (fig. 5). The 
male is more distinctly marked off into zones for 
all appendages. Males measure from 0.72 to 0.80 mm. 
long and 0.32 to 0.40 mm. wide. 

Instar VII.—The female, enlarging laterally, is a 
sac of eggs. The male has already formed the line 


9), shows the 


of cleavage for the cephalotheca (fig. 
zones of the eyes, mandibles, and maxillae, and—most 
interestingly—has developed on the sides the long 
antennal sacs which reach the first abdominal 
ment; the thorax is wider than the abdomen and has 
spiracular pores. Males measure 0.85 to 1.04 mm. 
long by 0.48 mm. wide, females 0.88 to 0.96 mm. long 
by 0.40 mm. wide. 

Instar VIII.—Full size has been reached in the 
host body. In the male the cap, or cephalotheca (fig. 
11) is well defined ; the thorax has widened greatly in 
the metathoracic area and is much wider than the ab- 
domen. Males measure 1.12 by 0.40 mm.; females are 


1.06 to 1.20 mm. long by 0.72 mm. wide. 
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Fic. la—Leg of same. Fic. 2. 
Fic. 3.—Instar III, No. 69, size 0.269 by 


PLaTE 1. 
Fic. 1.—Triungulinid, specimen No. 68, length 0.12 mm. 
Fic. 5—Female instar VI, 


mm. 
ci 
= 
All 


Instar II, parasite larva No. 88a, length 0.16 mm. 
Fic. 4.—Instar IV, No. 64a, size 0.519 by 0.173 mm. 
Fic. 6.—Female instar IX, No. 65, size 1.36 by 0.68 


? 


No. 93, size 0.96 and 0.40 mm. 


0.105 mm. 

Fic. 7—Adult female, No. 14. Fic. 8—Male instar V, No. 94, size 0.56 by 0.28 mm. Fr 

Male instar VII, No. 76, size 1.04 by 0.48 mm. Fic. 10.—Male prepupa in puparium. Fic. 
Fic. 12—Male prepupa in puparium, No. 27. 


Cephalotheca of male puparium No. 11. 
figures drawn by the author. 
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PLATE 2. 

Fic. 13.—Adult male Sogatelenchus mexicanus, Fic. 14—Side view of male. Fic. 15.— 
Face of male. Fic. 16.—Side view of last segments and aedeagus of male. Fic. 17a—Portion 
of puparium. Fic. 17b.—Prepupa containing first pupa, with 17a. Fic. 18—First pupa skin 
containing second pupa. 
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Instar [X.—The anterior portion of the body is 
pushed out through the intersegmenal skin of the host. 
In the male, the instar VIII skin has become a 
puparium, within which the prepupa is formed (figs. 
10, 12); the male prepupa is much smaller than the 
puparium, and shows eye spots and the beginnings of 
the appendage pockets. The female egg sac is greatly 
enlarged, 1.36 mm. long by 0.68 mm. wide (fig. 6). 
The true female, fitting tightly within this last skin, 
develops escape valves in the third and fourth ab- 
dominal segments which become a canal opening ven- 
trally between the head and thorax, but on the outer 
side of the host’s body. 

Instak X.—The mature female, unfertilized, is 
within the female larva (fig. 7), with only a small, 
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primitive cephalothorax external to the host. In the 
male, a first pupa continues to develop (fig. 17) 
within the prepupa, but no skins are shed. The sep- 
arate ommatidia of the eyes and all the rudiments of 
mouth parts, antennae, legs, balancers, and wings 
are formed. 

Instar XI.—The female contains fertilized, de- 
veloping eggs. In the male, the final pupa is developed 
within the first pupal skin (fig. 18), still inside the 
puparium. 

Instar XII.—This, in both sexes, is the mature 
insect, the female (fig. 7) giving forth her triungu- 
linids and the male issuing forth to fertilize 10th- 
instar females in the bodies of their hosts (fig. 13). 


The Occurrence of Para-Quinones in the Abdominal Secretion of 
Eleodes hispilabris (Coleoptera: Tenebrionidae)’ 


MURRAY S. 


BLUM? anp RONALD D. 


CRAIN* 


ABSTRACT 


The false wireworm Eleodes hispilabris Say ejects a 
pungent spray from the elevated tip of the abdomen 
when disturbed. The ejected secretion consists of a mix- 
ture of 2-methyl-1,4-benzoquinone and 2-ethyl-1,4-benzo- 
quinone, and a hydrocarbon in which the quinones proba- 
bly are dissolved. The quinoidal mixture consists of ap- 


Alexander and Barton 
(Herbst) secreted 


Since the discovery by 
(1943) that Tribolium castaneum 
ethylquinone, para-substituted quinones have been 
found in several orders of insects. In addition to 
ethylquinone, Loconti and Roth (1953) found methyl- 
quinone and methoxyquinone in 7. castaneum. More 
recently, methyl- and ethylquinone have been found 
in the tenebrionid Diaperis maculata Oliver (Roth 
and Stay 1958) and methylquinone and para-benzo- 
quinone in the carabid Brachynus crepitans (Schild- 
knecht 1957). The wide occurrence of quinones in 
insects was demonstrated by the identification of 
methyl-, ethyl- and para-benzoquinone in the cock- 
roach Diploptera punctata (Eschscholtz) (Roth and 
Stay 1958) and methyl- and ethylquinone in the ear- 
wig Forficula auricularia L. (Schildknecht and Weis 
1960). 

In our laboratories, we have studied the pungent 
secretion of the false wireworm Eleodes hispilabris 
Say and have identified the main constituents in the 
spray as methyl- and ethylquinone. This spray can 
be accurately aimed, as was demonstrated in a series 
of experiments with the imported fire ant Solenopsis 
richteri Forel. Workers of this ant 
species frequently attacked individual specimens of 
Eleodes but always retreated after being sprayed 
by the beetle. 
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proximately two parts of methylquinone to three parts 
of ethylquinone. Experiments employing the imported fire 
ant Solenopsis saevissima v. richteri Forel as a predator 
demonstrated that the spray of Eleodes was repellent and 
often would induce abnormal locomotor activity in the 
ants. 


Gissler (1879) described the scent (repugnatorial ) 
glands in two species of Eleodes and reported that 
the glands were imbedded in the fat body. He stated 
that the beetles always discharged in a sidewise di- 
rection. Gissler attempted to analyze the secretion 
of Eleodes but was unable to determine its chemical 
composition. 


MATERIALS AND METHODS 


The abdominal secretion of Eleodes was collected 
by a modification of the method of Ladisch and 
McQue (1953). The beetles were placed in a 500- 
ml. 3-neck flask containing dry ice and were im- 
mediately frozen. This flask was connected to three 
test tubes in series, each of which was immersed in 
a Dewar flask containing respectively crushed ice, 
ice and salt, and finally dry ice and acetone. The last 
flask was connected directly to the vacuum pump. 
The dry ice was sublimed out of the system by im- 
mersing the flask with the beetles in warm water and 
the system was evacuated for 12 hours at 0.5 mm. 
pressure. The tubes were then flooded with nitrogen 
and the yellow crystalline material which had col- 
lected in the tubes stored at —20° C. until 
analyzed. 

Infrared analyses were made on a Perkin-Elmer 
Model 21 spectrograph as carbon disulphide solu- 
tions. Infrared spectra of known quinones were 
made for comparison of the proportion of the quinones 
in the secretion of Eleodes. 

Mass spectrometric analyses were performed on 


was 
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a modified Consolidated 21-102 analytic mass spectro- Eisner (1958). The beetles could be lifted by these 
graph employing a high magnet run. hooks without their spraying and placed on KI starch 

The defensive role of the Eleodes spray was studied paper, which reacts with their quinoidal spray to 
by fitting the beetles with hooks as described by produce a bluish-black coloration. The beetles were 
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Fic. 1—Comparison of the infrared spectra of carbon disulphide solutions of a mixture of known 


quinones and the secretion obtained from Eleodes. Perkin-Elmer Spectrograph with NaCl prism; cel! 
thickness 0.223 mm. 
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placed on papers near ant nests and the results of 
the encounters between the ants and the tenebrionids 
were observed. 

RESULTS 

The infrared spectrum of the Eleodes secretion 
is shown in figure la. Only the diagnostic region 
above 7, is illustrated. The spectrum of the Eleodes 
secretion was compared with those of several synthetic 
quinones and it was found that the natural product 
consisted of a mixture of 2-methyl-1, 4-benzoquinone 
and 2-ethyl-1, 4-benzoquinone (fig. 1b). These re- 
sults were further confirmed by comparison of the in- 
frared spectrum of the Eleodes quinones to the in- 
frared data of Yates et al. (1956) who studied the 
infrared spectra of various para-benzoquinones. 

A comparison of various synthetic mixtures of 
methyl- and ethylquinone indicated that the mixture 
consisted of about 40 percent methylquinone and 60 
percent ethylquinone. These percentages were ap- 
proximately the same in four groups of beetles 
analyzed. 

Eleodes ejects its quinoidal mixture in an oily ma- 
terial. This material is a hydrocarbon, as indicated 
by the strong C-H stretching found at 3.43 and 
3.51 microns. The lower regions of the infrared 
spectra (not shown) of the Eleodes extracts con- 
tain considerably more intense C-H stretching than 
the synthetic quinoidal mixture, and dilute ex- 
tracts of the Eleodes secretion demonstrate only the 
characteristic spectra of a hydrocarbon. Similarly, 
Roth and Stay (1958) reported a hydrocarbon in 
Tribolium and Diaperis extracts which probably 
serves to dissolve the quinones. 

The mass spectral fragmentation patterns of the 
Eleodes quinones further confirmed the identifications 
obtained by infrared analyses. Comparison of the 
mass spectra of the synthetic and naturally occurring 
quinones demonstrated the presence of two parent 
masses corresponding to methyl- and ethylquinone and 
presented comparable fragmentation patterns (table 
1). 

Repellency Tests—When Eleodes is disturbed, it 
exhibits a pose which is characteristic for the mem- 
bers of this genus. elevated con- 
siderably and the beetle literally stands on its head. 
This remarkable behavior been well described 
by Williston (1884) Hyslop (1912). When 
Eleodes was approached by fire ant workers, it as- 
sumed this characteristic pose. The ants frequently 
grasped the legs of Eleodes between their mandibles, 
at which time the tenebrionid would discharge its 
spray accurately at the ants. Invariably the ants 
withdrew and ambulated in an uncoordinated man- 
ner. The ants frequently seemed to be “dragging” 
themselves rather than walking normally. The ants 
often stopped and performed cleansing movements. 
This irritability lasted from 20 to 210 seconds. The 
fact that many ants were drenched with the quinoidal 
mixture was indicated by the dark streak produced 
on the indicator paper by the ants as they moved 
away from the freshly discharged beetles. In over 
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Table 1.—Mass spectrophotometric fragmentation pat- 
terns of the Eleodes secretion and a mixture of synthetic 
quinones. 


Actual division of spectrum 


e/M* Residual 


Eleodes 
secretion 
).6 0.4 
‘ 13 
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141.9 


Methyl- 
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Ethyl- 
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+0.1 
—0.4 

0.0 
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* Charge per mass. 
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20 encounters, the ants never inflicted any noticeable 
injury to the beetles. 

Eleodes always discharged to the side under attack 
by tilting the tip of the abdomen in the direction of 
attack. The ants never engaged a beetle immediately 
after a discharge, probably because of the residual 
spray which still covered the beetle’s body. The 
presence of this residual spray was indicated by the 
the indicator paper as the beetle 
moved to another spot. 


discoloration of 


DISCUSSION 


The occurrence of methyl- and ethylquinone in the 
Eleodes secretion further illustrates the widespread 
distribution of these compounds in Tenebrionidae. 
The same two quinones were found in the secretion 
of Diaperis maculata by Roth and Stay (1958), in 
which ethylquinone appeared to be present in a 
larger proportion than methylquinone. Similarly, in 
Tribolium castaneum, ethylquinone is the major con- 
stituent, consisting of 80 to 90 percent of the ethyl- 
methylquinone mixture, but this species also con- 
tains traces of methoxyquinone (Loconti and Roth 
1953). However these same authors reported that 
Tribolium destructor contained unidentified quinones. 
It is interesting to note that although the secretion 
of the carabid Brachynus crepitans contains methyl- 
quinone, /p-benzoquinone has replaced the _ ethyl- 
quinone found in the tenebrionids (Schildknecht 
1957). On the other hand, the blattid Diaperis con- 
tains the two substituted quinones as well as their 
unsubstituted precursor (Roth and Stay 1958). 

The results of the repellency studies employing the 
imported fire ant as a predator of Eleodes are very 
similar to those described by Eisner (1958) with the 
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carabid Brachynus ballistarius Lec., employing several 
predatory arthropods. This bombardier beetle ac- 
curately discharged at ants (Pogonomyrmex badius 
(Latr.)) and caused them to retreat in a state of 
high irritation, as manifested by apparent seizures. 
Like Eleodes, Brachynus was immune to further at- 
tack by the ants for a short period after discharge, 
probably because of the residual spray still on its 
body. 

The hydrocarbon in which the Eleodes quinones are 
probably dissolved may also serve to facilitate the 
penetration of the quinones through the cuticle of a 
sprayed arthropod predator. Hydrocarbons are quite 
soluble in the lipid-containing insect cuticle and it 
thus seems possible that the nonpolar quinone sol- 
vents ejected by insects are important in effecting 
the toxic action of the quinones by carrying them to 
their site of action. 

Hyslop (1912) has indicated the defensive value 
of the Eleodes secretion against certain birds. How- 
ever, he lists a large number of natural avian enemies 
of Eleodes adults, thus demonstrating that the secre- 
tion of these tenebrionids is only partially effective as 
a defensive Horned toads (Phrynosoma 
sp.) refused to feed on Eleodes adults although these 
toads readily would feed on other beetles. Until a 
thorough study is made of the relationship of Eleodes 
to its natural predators, the value of its secretion as 
a repellent cannot be fully ascertained. 


secretion. 
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Feeding on Normally Rejected Plants by Maxillectomized Larvae of the 
Tobacco Hornworm, Protoparce sexta (Lepidoptera, Sphingidae) ' 


G. P. WALDBAUER anp G. FRAENKEL 


Department of Entomology, University of Illinois, Urbana 


ABSTRACT 


The larvae of P. sexta normally feed only on Solana- 
ceae. Amputation of the maxillae led to continuous feed- 
ing on dandelion (Taraxacum officinale), a normally re- 
jected plant, when no other food was available. Ampu- 
tation of the antennae and the labial palpi did not have 
a similar effect. The chemoreceptors of the maxilla are 
confined to the third segment of the palpus and to the 
headpiece, a protuberance of the first segment. Removal 
of both of these groups of chemoreceptors led to as much 
feeding on dandelion as did removal of the entire maxilla. 
Amputation of the headpieces alone had an intermediate 
effect while amputation of the third segments alone had no 


A few brief reports indicate that some phytophagous 
insects will, after the extirpation of certain sense 
organs, feed or attempt to feed on normally unac- 
ceptable plants. Torii and Morii (1948) removed 


1 Part of a dissertation submitted by the senior author in 
partial fulfillment of the requirements for the degree of Doctor 
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effect. Maxillectomized larvae retained a reduced ability 
to distinguish between the leaves of dandelion and tomato, 
the normal host. They became adapted to dandelion and 
usually chose it over tomato in preference tests. They 
also fed more extensively on bland media such as an agar 
and cellulose powder gel than did intact larvae, suggesting 
that the maxillae spontaneously inhibit feeding. Maxil- 
lectomized fourth-instar larvae fed and grew well on 
some Plantaginaceae, Compositae, and members of families 
closely allied to the Solanaceae. Some of these plants 
were occasionally accepted by intact larvae. Other plants 
were either completely rejected or eaten in small quantities. 


the antennae, the maxillae and the labial palpi of silk- 
worm larvae, Bombyx mori L., in all possible com- 
binations. Larvae lacking only the maxillae fed on 
the leaves of Ailanthus sp., cabbage (Brassica 
oleracea L.), cherry (Prunus sp.) and sweet potato 
(Ipomoea batatas Lam.). Torii and Morii concluded 
that silkworms lacking the maxillae were no longer 
able to distinguish between the normal host, white 
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mulberry (Morus alba L.) and other plants. Since 


the experiments ran for only 2 hours, the question of 


whether or not continuous feeding would take 
place remained unanswered. The effect of the removal 
of the antennae in combination with the maxillae re- 
mained in doubt since larvae which had undergone 
this operation refused to feed even on mulberry, pos- 
sibly because they had failed to recover completely. 
Ito et al. (1959) extended this work, finding that 
maxillectomized silkworm larvae would not feed con- 
tinuously on cabbage or cherry leaves. Maxillec- 
tomized larvae grew slightly on cabbage, but lost 
weight on cherry more rapidly than did starving 
larvae. Ito et al. concluded that there must be organs 
of taste other than those on the maxillae. Tazima 
(1954) treated silkworm pupae with X-rays and 
mated the resulting moths with untreated individuals. 
A few of the F, and F, larvae would feed on beet 
leaves, Beta vulgaris L., when tested early in the 
third instar. Tazima stated that the sense organs on 
the maxillae of the mutants were degenerate. Dethier 
(1953) mentioned his own unpublished work which 
showed that extirpation of the antennae and the 
maxillae of the larvae of Cingilia catenaria Drury, 
Papilio ajax L., Porthetria dispar (L.), and Pierts 
rapae L. permitted them to attack a wider than nor- 
mal range of plants. Chin (1950) found that the re- 
moval of the antennae and the maxillary and labial 
palpi of the Colorado potato beetle, Leptinotarsa 
decemlineata (Say), resulted in an increased biting 
response to odorless and tasteless substrata such as 
glass or filter paper as well as to the leaves of some 
normally rejected plants. He suggested that the an- 
tennae and the palpi inhibit the biting response. 

A few reports show that bloodsucking insects and 
ticks would feed or attempt to feed through paper, 
wood, or glass after the removal of certain sense or- 
gans. Hindle and Merriam (1912) found that ticks, 
Argas persicus (Oken.), with the fore-tarsi am- 
putated would insert their mouthparts and attempt 
to feed through filter paper placed over a vessel of 
hot water. The olfactory sense of ticks is localized 
in pits, Haller’s organs, borne by the fore-tarsi. 
Wigglesworth and Gillett (1934) reported that after 
extirpation of the antennae Rhodnius prolixus Stal 
would follow a moving object such as a pencil and 
attempt to probe the object with the mouth parts if 
it came to rest momentarily. They would also follow 
and attempt to probe other insects or their own re- 
flections. Homp (1938) and Wigglesworth (1941) 
reported that Pediculus humanus L. would attempt to 
probe warm, smooth surfaces after amputation of the 
antennae. 

These observations left some interesting questions 
Since the experiments of Torii and 
remained to be 


unanswered. 

Morii (1948) 
determined whether the amputation of organs other 
than the maxillae would lead to continuous feeding 
on normally unacceptable plants. Previous workers 
had attempted to feed maxillectomized insects on 
only a few species of plants, and it was not known 


were inconclusive, it 


ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


[Vol. 54 


if the extirpation of the maxillae of an oligophagous 
insect would lead to feeding on all or most plants other 
than the normal hosts, or if only a limited and per- 
haps botanically defined number of plants would be- 
come acceptable. If continuous feeding occurred on 
normally unacceptable plants it would be of great 
interest to compare the ability of insects to grow on 
these plants with their ability to grow on the normal 
host. Consequently experiments were arranged to 
permit testing of these points. 


MATERIALS AND METHODS 


The tobacco hornworms used in these experiments 
came from a culture started at this laboratory by Dr. 
R. T. Yamamoto with larvae collected locally from 
tomato plants in the field. The culture was maintained 
according to the methods described by Yamamoto 
(1957). The larvae were usually raised on tomato 
foliage, Lycopersicon esculentum Mill., but at times 
it was necessary to substitute one of two equally 
satisfactory food plants, Lycium halimifolium Mill. 
or Solanum dulcamara L. A culture of silkworms 
was maintained on the leaves of white mulberry. 

The maxillae, the antennae or the labial palpi were 
most easily amputated by pinching them off with a 
pair of straight watchmaker’s forceps which had been 
ground to a fine point. After each amputation the 
forceps were sterilized by dipping them into 95% 
ethyl alcohol. Operations were performed on third-, 
fourth-, and fifth-instar larvae, but it was not found 
practical to use first- and second-instar larvae since 
their small size and fragility made the operations too 
time-consuming and too frequently fatal. All opera- 
tions were performed on anesthetized larvae under a 
dissecting microscope. Third-instar larvae were most 
successfully inactivated by laying them on a cube of 
ice partially embedded in a small dish of coarse sand. 
Fourth- and fifth-instar larvae were too large to be 
sufficiently cooled by this method; it was, therefore, 
necessary to anesthetize them with dioxide 
gas in an apparatus similar to that described by 
Chin (1950). This was simply a glass tube about 2 
cm. in diameter which was open at one end and fitted 
with a cork and tubing for the entry of carbon 
dioxide at the other end. The abdomen of the larva 
was thrust into the tube, but the head and thorax 
were allowed to protrude from the open end. The 
apparatus was held in the left hand in such a man- 
ner that the head of the larva could be grasped 
gently between the thumb and index finger. It was 
then possible to manipulate the head so that the ap- 
pendages to be removed were accessible to forceps 
held in the right hand. Ice was superior to carbon 
dioxide as an anesthetic. The recovery rate 
higher and the procedure more convenient. Larvae 
under carbon dioxide narcosis usually regurgitated 
large volumes of liquid and leaf tissue, thus hindering 
the operation and dessicating themselves. 

Larvae which had undergone amputations could 
not be used in experiments until it had been de- 
termined whether or not they had recovered from the 


carbon 


was 
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effects of the operation. The best criterion of recovery 
was, of course, the resumption of continuous feeding. 
In the early experiments (1, 2 and 3 below) the 
operations were performed on early fourth- or fifth- 
instar larvae which were allowed a recovery period 
of 24 hours in individual containers with leaves of 
the normal host plant. Larvae which had failed to 
resume continuous feeding during this period were 
discarded. This procedure had some disadvantages. 
A few larvae apparently made false recoveries and 
suffered relapses during experiments. It was not pos- 
sible to run experiments over the entire instar and 
the use of individual containers made the handling 
of large numbers of larvae extremely laborious. These 
difficulties were eliminated by performing the opera- 
tion early in the third instar and allowing larvae 
to recover in large groups on the normal food until 
after the following molt. When the larvae were ready 
to molt they were removed from the food and trans- 
ferred to covered containers lined with moist paper 
towels. Most larvae of the same age molted within 
a few hours of each other. This procedure had many 
advantages in addition to reducing to a minimum the 
labor involved in the handling of large numbers of 
larvae. All larvae which failed to recover from the 
operation were eliminated; of these, a few died and 
those which did not resume normal feeding grew 
more slowly than the majority and were easily dis- 
carded. It was possible to run experiments over the 
entire fourth and fifth instars, beginning with newly 
molted larvae of the same physiological age which 
had naturally emptied their alimentary canals and 
had not as yet fed during the instar. It was also 
noted that newly molted, unfed P. sexta larvae ac- 
cepted nonsolanaceous plants more frequently and 
more quickly than did larvae which had been maxil- 
lectomized and placed on a normally rejected plant 
in the same instar. This procedure was used in ex- 
periments 4, 5, and 6 below. 

There was no regeneration of sensilla after the re- 
moval of the entire maxilla. Several hundred larvae 
which had been maxillectomized in the third instar 
were examined after the molt to the fourth instar. 
In no case was there regeneration of more than a 
small stub completely devoid of sensilla. Many of 
these larvae were again examined after the molt to 
the fifth instar without the discovery of regenerated 
sensilla. 


RESULTS AND DISCUSSION 


1. Preliminary Experiments with Silkworms.— 
The results of these experiments confirm the report of 
Torii and Morii (1948) that maxillectomized silk- 
worm larvae will feed for short periods on plants 
which are rejected by intact larvae. These tests were 
conducted with larvae which had been maxillectomized 
during the fourth or fifth instar and had resumed con- 
tinuous feeding on the normal host plant, white mul- 
berry, during a 24-hour recovery period. Each test 
ran for 2 hours and was preceded by a 2-hour starva- 
tion period. The leaves of cabbage and silver maple, 
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Acer saccharinum L., were left untouched or were only 
slightly nibbled by intact larvae. Maxillectomized lar- 
vae fed on these leaves, but the quantities consumed 
were considerably below the normal consumption of 
white mulberry. The results of tests run over longer 
periods were similar to those obtained by Ito et al. 
(1959). Feeding was not continuous, growth was at 
best slight and all larvae died before the following 
molt. Further testing would probably have led to the 
discovery of nonmoraceous plants which would have 
been acceptable to maxillectomized silkworms. How- 
ever, silkworms were found to be poor subjects for 
this type of work and were abandoned in favor of the 
hardier tobacco hornworm, Protoparce sexta ( Johan.). 

2. The Effect of Amputation of the Mavxillae, An- 
tennae and Labial Palpi of P. sexta-—The tobacco 
hornworm is an oligophagous insect which, in nature, 
feeds only on plants of the family Solanaceae ( Yama- 
moto and Fraenkel 1960). Preliminary tests had 
established that the larvae of P. sexta would feed on 
several normally rejected, nonsolanaceous plants after 
amputation of only the maxillae. The leaves of 
dandelion, Taraxacum officinale Weber, were almost 
invariably fed upon extensively by maxillectomized 
larvae, but were usually rejected by intact larvae 
(fig. 1). The object of the present series of tests was 
to determine whether or not amputation of other 
chemoreceptor-bearing organs would have a similar 
effect, or if their amputation in combination with the 
maxillae would increase the rate of feeding on dande- 
lion. The gustatory and olfactory senses of lepidop- 
terous larvae are evidently confined to the head, 
olfactory receptors being present on the antennae 
and the maxillae (Dethier 1941) and contact chemo- 


receptors on the maxillae, hypopharynx and possibly 


the epipharynx (Dethier 1937, Frings and Frings 
1949). The labial palpi of P. sexta bear a single 
trichoid sensillum and are probably not involved in 
chemoreception. Amputations of the labrum and the 
hypopharynx were not included since preliminary 
tests had shown that their absence seriously inter- 
feres with the mechanics of ingestion, preventing a 
return to normal feeding. 

The tests were conducted with fourth-instar P. sexta 
larvae which had been operated on shortly after the 
molt. Control larvae underwent the amputation of a 
thoracic leg and the anal horn in order to minimize 
possible differences due to postoperative shock. Only 
larvae which had resumed continuous feeding on to- 
mato leaves during a 24-hour recovery period were 
used. The larvae were individually confined in cov- 
ered containers and supplied with an excess of dande- 
lion leaves. At the end of 24 hours fecal counts were 
made as an estimate of feeding. All tests were run 
at room temperature. A few larvae became sick or 
stopped feeding in order to molt during the course 
of the tests. These were discarded. 

The results (table 1) make it clear that the ampu- 
tation of the maxillae alone leads to extensive and 
continuous feeding on dandelion. It is also clear 
that the amputation of the antennae, the labial palpi 
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24 HOURS 24 HOURS 


Fic. 1.—Feeding on dandelion by maxillectomized and intact fourth-instar larvae during the second day 
2-day period. The maxillectomized larvae have grown and are almost ready to molt. 
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Table 1.—Feeding in 24 hours on dandelion or tomato 
by fourth-instar tobacco hornworm larvae from which 
the maxillae (mx), antennae (ant), and labial palpi (Ip) 
have been amputated in various combinations. 


Feces per 
feeding 


\ppendages 
larva 


No. of No. larvae 
amputated - 


larvae feeding 


On dandelion 


— 


none 
Ip 

ant 

ant, Ip 
mx 

mx, Ip 
mx, ant 
mx, ant, Ip 


Coo=— 


NNNN 


On tomato 


none 
mx 


or both together did not have this effect, and that their 
amputation in combination with the maxillae did 
not result in an increased consumption of dandelion 
leaves. 

A probable explanation for the acceptance of nor- 
mally rejected plants by maxillectomized larvae is a 
reduction in their ability to respond to contact feeding 
deterrents in the leaves. The presence of a feeding 
deterrent was demonstrated by substituting an aqueous 
extract of dandelion leaves for the distilled water in 
a diet acceptable to normal larvae consisting of 10 ml. 
of distilled water, 0.4 g. agar, 0.4 g. cellulose powder 
(nonnutritive fibre; General Biochemicals, Inc.), 0.18 
g. glucose and 0.05 g. The extract was pre- 
pared by homogenizing dandelion leaves with dis- 
The homogenate 


yeast. 


tilled water in a Waring Blendor. 
was heated to the boiling point in a water bath and 
filtered under suction. The filtrate was then dried 
on a steam bath and the tarry residue dissolved in a 
volume of water equivalent to the original fresh 
weight of the leaves. An entire test group of 10 
intact larvae fed on the control diet, producing an 
average of 25 per during an 18-hour 
The substitution of the full-strength extract 


feces larva 
period. 
reduced the number of larvae feeding to 5 out of 10 
and the average fecal count to 11. 

It does not seem likely that odors are important in 
explaining the effects of maxillectomy. Dethier 
(1941) showed that the maxillae of Pieris rapae (L.) 
response to benzalde- 
If we can assume 


have a higher threshold of 
hyde vapor than do the antennae. 
that the antennae of P. sexta are more sensitive to 
the odors of plants than are the maxillae it would 
follow that the amputation of the maxillae should have 
little or no effect on the response to odors. The pres- 
ent authors have furthermore observed that the odors 
of most nonsolanaceous plants stimulate P. sexta lar- 
vae to bite, the initial reaction when first confronting 
almost any leaf. Nonsolanaceous leaves are, how- 
ever, quickly rejected, probably because of the effect 


of contact chemical deterrents. Olfactory deterrents 
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should inhibit the biting response in the first place 
unless we assume that the crushing of the leaf by the 
larva releases deterrent odors. 

Other workers have shown that the contact chemical 
sense is not confined to the maxillae, receptors being 
present on the hypopharynx and perhaps the epi- 
pharynx. This is corroborated by the fact that maxil- 
lectomized larvae do not completely lose the ability to 
discriminate between plants. Some nonsolanaceous 
plants are still rejected (see section 6 below) and it 
has been shown (see section 4 below) that they can 
still distinguish between tomato and dandelion. The 


authors know of no experimental evidence which 
proves that there is a difference in threshold of re- 
sponse for the contact chemoreceptors of the maxilla 


and the hypopharynx. It seems likely, however, that 
the receptors of the maxillae have a lower threshold 
of response to the feeding deterrent in dandelion 
leaves than do those of the hypopharynx. 

3. The Effect of the Amputation of Parts of 
Maxillae—Dethier (1937) figured the maxilla of 
A careful com- 
Dethier’s 


tho 
‘le 


Protoparce quinquemaculata (How.). 


parison of the maxilla of P. sexta with 
drawing shows the two to be almost identical in all 
respects. It will be noted (fig. 2) that the sensilla 
which are likely to be chemoreceptors are arranged in 
two discrete groups. The headpiece, a measal pro- 
tuberance of the first segment of the maxillary palpus, 
bears two large sensilla styliconica and a small sensil- 
lum The third segment of the palpus 


bears at its apex a group of five small sensilla basi- 


basiconicum. 


conica. The remaining sensilla are probably mechano- 


receptors. They are: a single sensillum campani- 
formium on each of the three segments of the palpus, 
and three sensilla trichodia on the headpiece, one on 
the palpiger and another on the first segment of the 
palpus. 

\ preliminary experim 
of the maxillary palpi and palpigers (removal of all 


about as 


ent showed that amputation 


sensilla) of fifth-instar larvae resulted in 


much feeding on dandel‘on as did the removal of only 
the third segments of the palpi and the headpieces, 


leaving two sensilla trichedia and two sensilla cam- 
paniformia intact on each maxilla. 
comparison of the 


The next step 


bility of dandelion leaves to intact larvae and larvae 
from which the following parts had been amputated: 
(1) third segments of the maxillary palpi; (2) the 


and (3) both the third segments of the 


Was a accepta- 


headpieces ; 
palpi and the headpieces. Each group consisted of 
twenty fifth-instar larvae had 
tinuous feeding during a 30-hour recovery period on 
Solanum dulcamara. The test 
were confined in individual covered mason jars 
provided with dandelion leaves which were renewed 
Feeding was estimated by 


which resumed con- 


the leaves of larvae 
and 
as necessary. means of 
fecal counts once every 24 hours for 3 days. All tests 
were run at a constant temperature of about 27° C. 

The results (fig. 3) show that the amputation of 
the third segments of the palpi and the headpieces in 
combination had the greatest effect. The amputation 
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Fic. 2—Ventral aspect of the left maxilla of the larva 
of Protoparce quinquemaculata. h, sensillum trichodium ; 
Mp, maxillary palpus; p, sensillum cam- 
sensillum basiconicum; st, sensillum 
II, and III, first, second, and 
(From Dethier, 


hp, headpiece ; 
paniformium; sb, 
styliconicum; St, stipes; I, 
third segments of the maxillary palpus. 
Biol. Bull., 1937.) 


of the headpieces alone had an intermediate effect, but 
the amputation of the third segments alone had no 


effect at all. It seems a reasonable conclusion that the 
sensilla of the headpiece have a low threshold for 
response to the feeding deterrent in dandelion leaves 
while the sensilla of the third segment have a higher 
one. The removal of the third segments alone had no 
effect since the more sensitive sensilla of the head- 
pieces were still present. The removal of the head- 
pieces alone had only an intermediate effect since 
the less sensitive sensilla of the third segment still 
permitted a marginal response to the feeding deter- 
rent. It would seem that the concentration of the feed- 
ing deterrent in dandelion leaves is close to the median 
threshold level for the sensilla of the third segment. 

4. The Ability of Maxillectomized Larvae to Dis- 


[Vol. 54 


100 


SEGMENT II AND 
HEADPIECE 


@ 
°o 


HEADPIECE ONLY 


o 
°o 


PER CENT LARVAE FEEDING 
> 
o 


ny 
°o 


SEGMENT IT ONLY 


NO AMPUTATION 


2 
DAYS AFTER PLACEMENT ON DANDELION 
Fic. 3—Percentages of fifth-instar P. larvae 
feeding on dandelion after amputation of parts of the 
maxillae. Each group consisted initially of 20 larvae. 


sexta 


tinguish Between Plants.——Previous experiments had 
established that maxillectomized larvae would feed on 
dandelion when nothing else was available, but it re- 
mained to be determined whether or not the remaining 
chemoreceptor organs would enable the larvae to dis- 
tinguish between the leaves of dandelion and tomato. 
Early third-instar larvae raised on tomato were maxil- 
lectomized and half of them were immediately placed 
on dandelion leaves and the other half on tomato 
leaves. They were left on these foods until they had 
molted to the fourth instar and had resumed feeding 
for about half a day. The controls, a group of intact 
larvae raised on tomato, were treated similarly. The 
choice experiments were run in 12.5 cm. crystallizing 
dishes covered with glass plates. The bottom of each 
dish was covered with a disk of filter paper marked 
approximately equal piles of 
tomato leaves were placed at 


off in quadrants, and 
pieces of dandelion or 
the outer edges of alternate quadrants. The larvae of 
each of the three groups were equally divided among 
four dishes. The 12 dishes used in the experiment 
were placed below a source of even illumination. At 
the beginning of the experiment the larvae were 
placed in the centers of the dishes, as far away as 
possible from the leaves. The dishes were checked 
each hour and the numbers of larvae sitting on either 
tomato or dandelion noted. The larvae fed during 
most of the experiment but this was not used as a 
criterion. The experiment was conducted at a con- 
stant temperature of about 27° C. 

Figure 4 summarizes the results of this experiment. 
It should be noted that the two curves for a single 
group of larvae do not always add up to 100%. This 
is because an individual larva was occasionally on 
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a me INTACT LARVAE PREVIOUSLY ADAPTED TO Bae 


TOMATO, SELECTING TOMATO (18) 


ADAPTED TO TOMATO, SELECTING TOMATO (i2) 


MAXILLECTOMIZED LARVAE PREVIOUSLY ADAPTED TO 
~ DANDELION, SELECTING DANDELION (16) 


PER CENT 


MAXILLECTOMIZED LARVAE PREVIOUSLY ADAPTED TO 
DANDELION, SELECTING TOMATO (i6) 





MAXILLECTOMIZED LARVAE PREVIOUSLY ADAPTED TO 
TOMATO, SELECTING DANDELION (12) 


Z 


LARVAE PREVIOUSLY ADAPTED TO TOMATO, 


DANDELION (18) 


| NTACT 
| — SELECTING 
NK 
Ss Rasta tcipseiieilen:s engi I, 
| 2 3 a 5 
HOURS FROM START 


distribution of intact and maxillec- 
tomized fourth-instar P. sexta larvae between dandelion 
and tomato in a two-choice test. The larvae had been 
previously adapted to one or the other of the two plants. 


Fic. 4—Percent 


the filter paper rather than on a pile of leaves. Lar- 
vae which had fed only on dandelion after maxil- 
lectomy had become adapted to the odors and/or 
tastes of this plant and preferred it to tomato. Adap- 
tation might have been to olfactory stimuli received 
by the antennae or to contact chemical stimuli re- 
ceived by the hypopharynx. The early tendency of 
some of the dandelion-adapted larvae to choose to- 
mato might have been due to a genetically fixed re- 
sponse to the odors of the normal host, while the 
later tendency to transfer to dandelion might have 
been a reaction to the taste of the normal host, a 
taste to which they may no longer have been adapted. 
Maxillectomized larvae are obviously still able to 
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distinguish between dandelion and tomato leaves, but 
are less able to make this distinction than are intact 
larvae. This observation fits in with the hypothesis 
advanced above to explain the effects of maxillectomy. 
The removal of the maxillae leaves the larvae, which 
reject or accept plants largely on the basis of contact 
chemical stimuli, dependent upon the less sensitive 
sensilla of the hypopharynx. 

5. The Reaction of Mavxillectomized Larvae to 
Bland Synthetic Media—Preliminary experiments 
with synthetic media revealed that maxillectomy re- 
sulted in increased feeding on an apparently taste- 
less and odorless medium consisting only of agar 
and distilled water. This suggested two possibilities: 
(1) Agar is not tasteless as had been assumed, but 
contains a feeding deterrent which is no longer per- 
ceived after the amputation of the maxillae. (2) The 
maxillae exert a spontaneous inhibitory influence on 
feeding. 

These possibilities were tested by exposing intact 
and maxillectomized larvae to several apparently 
bland media. Agar was washed by a modification of 
the method described by Ayers et al. (1920) in order 
to eliminate water-soluble contaminants which 
might deter feeding. Thirty grams of granular agar 
were placed in 2 liters of distilled water in a flask, 
and agitated with a motor-driven stirring rod for 24 


any 


hours. The wash water was then decanted and re- 
placed with fresh distilled water. After another 24 
hours of washing the agar was filtered out on a cloth, 
and rotary mill. 
Washed as well as unwashed used to 
4% gels with without cellulose 
powder. A medium of gelatin (12% 
cellulose powder was also used. A final bland medium 


rinsed, air-dried reground in a 
were 


4% 


solution ) 


agars 
prepare and 


and 


consisted of cellulose powder and water mixed to 
form a thick dough which could be pressed into moist, 
firm pellets. The larvae were confined in individual 
petri dishes lined with disks of filter paper. Disks 
of the agar and gelatin media were cut with a cork 
borer and placed in the petri dishes on small squares 
of aluminum foil. All tests were run at a constant 
temperature of about 27° C. 

found (table 2) that all of 
were fed upon much more extensively by maxillec- 


It was these media 


tomized larvae than by intact larvae. There was no 
significant difference in the acceptability of washed 


and unwashed agar, indicating the absence of feed- 


Table 2.—Increased feeding by maxillectomized larvae as compared with intact larvae on various synthetic media. 


Each test ran for 18 hours. 


Normal 


Ne . ot 

larvae 
Unwashed agar 6 
Washed agar 6 
Unwashed agar and cellulose powder 7 
Washed agar and cellulose powder 6 
Cellulose powder and water 6 


2 


Gelatin and cellulose powder 3 


No. 


feeding 


Maxillectomized 


No. 


feeding 


Avg 


Teces 


No. of 


larvae 


no. 
larva 


Avg. no. 
feces/larva 
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ing deterrents. If we assume that these apparently 
bland substances really do lack feeding deterrents 
we must consider the possibility that the maxillae 
regulate feeding not only through the perception of 
deterrents, but also by means of a spontaneous input 
to the central nervous system which inhibits feeding 
in the absence of sufficient stimulation by sapid nu- 
trients or token feeding stimulants. 

6. The Range of Plants Fed upon by Maxillec- 
tomised Larvae——Preliminary tests showed that max- 
larvae fed upon non- 
degrees while others 


illectomized P. sexia some 
solanaceous plants to varying 
were completely rejected. The present series of tests 
was designed to discover the feeding reactions of 
intact and maxillectomized P. sexta larvae to plants 
from a wide variety of families, and to estimate the 
ability of the plants fed upon to support growth. The 
tests were started with newly molted, unfed, fourth- 
instar larvae, both intact and maxillectomized. Groups 


instances, 10 larvae were confined 


of 5 or, in a few 
in large battery jars covered with glass plates. Fresh 
undamaged leaves were presented to the larvae and 
replaced every 24 hours or more frequently if neces- 
sary. The jars were examined every 24 hours and 
mortality, growth or the occurrence of molts noted. 
The leaves were examined for signs of feeding and 
the feces were removed and counted. A test was al- 
run until all of the larvae had died or 
pupated. All tests were run at room temperature. 

A summary of the plants on which the larvae fed 
The average number of feces 
produced per surviving larva during the first 2 days 
of the test serves as an estimate of the acceptability 
of the plant. The presentation of further daily counts 
would be superfluous since feeding did not increase 
significantly after 2 days. The fecal counts serve only 
as a rough comparison of the acceptability of the 
plants. Since the tests were run with groups of larvae 
it was not possible to eliminate from the data larvae 
which survived but did not feed or feces produced by 
larvae which later died. 

The following plants were completely rejected by 
both normal and maxillectomized larvae: Taxaceae, 
Taxus sp.; Gramineae, Zea mays; Moraceae, Maclura 
pomifera; Cannabinaceae, Cannabis sativa; Chenopo- 
diaceae, Chenopodium album, Beta vulgaris (red 
beet) ; Nyctaginaceae, Mirabilis nyctaginea; Oxalida- 
ceae, O-ralis sp.; Celastraceae, Euonymous fortune; 
Vitaceae, Parthenocissus tricuspidata; Labiatae, Mon- 
arda fistulosa; Scrophulariaceae, V erbascum blattaria ; 
and Acanthaceae, Ruellia humilis. 

Maxillectomized larvae were much more likely to 
feed on nonsolanaceous plants than were intact larvae, 
but the amputation of the maxillae by no means 
completely abolished the ability to discriminate. A 
comparison of the reactions of normal and maxillec- 
tomized larvae reveals three fairly well defined 
categories of the test plants. (1) Those plants which 
were consumed in large quantities by maxillectomized 
larvae and were, with few exceptions, fed upon by a 
few intact larvae after a period of starvation. These 


lowed to 


is given in table 3. 
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Table 3.—Increased feeding and growth on various 
plants by maxillectomixed P. sexta larvae as compared 
with intact larvae.* 


Maxillec- 
tomized 


Normal 


Lar- Lar- 
vae vae 
Avg. liv- Avg. liv- 
fecal ing | fecal | ing 
count! 4g jcount>) 4. 


Family and species Growth‘ 


of plant 


hrs. hrs. 


Ulmaceae 

Ulmus americana 

Celtis occidentalis 
Moraceae 

Morus alba 
Cruciferae 

Brassica oleracea 
Leguminosae 

Cercis canadensis 

Phaseolus vulgaris 
Aceraceae 

Acer saccharum 
Oleaceae 

Chionanthus 
As lepiadac eae 

Asclepias syriaca 
Convolvulaceae 

Ipomoea batatas 

Convolvulus american: 
Verbenaceae 

Verbena stricta 

lV’. urticifolia 
Labiatae 

T euc reum 
Solanaceae 

Lycopersicon 

Solanum dulcamara 
Scrophulariaceae 

Linaria vulgaris 

Verbascum thapsus 
Bignoniaceae 

Campsis radicans 

Catalpa speciosa 
*lantaginaceae 
Plantago rugelii 
Compositae 

Ambrosia trifida 

Arctium minus 

Taraxacum officinale 


rginicus 


canadense 


esculentum 


with newly molted fourth-instar larvae; 10 in 
Solanum dulcamara, Verbascum thapsus, Plantag 
rugelit, and Taraxacum officinale, and 5 in each of the other 
groups Fecal counts are the average per surviving larva per 
day for the first 2 days of the fourth instar. 
b x = No feeding; feces containing no leaf tissue. 
¢— = No growth 
+ = Slight growth; no survival to next molt. 
++ = Slow growth but no survival to pupa. 
++ = Slow growth, occasional survival to pupa 
= Fair to normal growth with considerable survival t 


a Tests began 
each group on 


++ + +4 


pupa. 


plants probably contain substances which deter feed- 
ing, but it would seem that they must be on the border 


(2) 


line between acceptability and unacceptability. 
Those plants which were eaten in small quantities by 
the maxillectomized larvae and were either 
pletely rejected or only slightly nibbled by the intact 
larvae. These plants may contain a higher concen- 
tration of deterrent substances or deterrents of a 
different nature from those in the first group of plants 
and are, therefore, farther over the border toward 
(3) Other plants which were eaten 


com- 


unacceptability. 
by neither normal nor maxillectomized larvae. It 
seems a fair assumption that these plants contain 
deterrents in a higher concentration or of a more 
effective type than the plants which are accepted 
by maxillectomized larvae. 

Half of the plants which were highly acceptable 


to maxillectomized larvae belong to the families 
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Convolvulaceae, Verbenaceae, Scrophulariaceae, and use of washed agars in cuiture media. Jour. Bac- 
Bignoniaceae, all of which are placed by Engler _teriol. 5: 589-96. ; ‘ 
(1936) in the order Tubiflorae along with the Solana- Chin, C. T. 1950. Studies on the physiological rela- 
ee : ; : . ene tions between the larvae of Leptinotarsa decem- 
ceae. This brings to mind the words of Moss (1920, lineata Say and some solanaceous plants. Wagen- 
p. 357), who wrote of the association of the genus ingen, Netherlands: H. Veenman en Zonen. 


Protoparce with the Solanaceae and its allies, “One Dethier, V. G. 1937. Gustation and olfaction in lepi- 
dopterous larvae. Biol. Bull. 72: 7-23. 


is naturally le s se thz ‘re are i ant in- ms ; : : : 
oe tur ully led to ee that the r< ii import int a 1941. The function of the antennal receptors in lepi- 
gredients in the chemical composition of the leat dopterous larvae. Biol. Bull. 80: 403-14. 

which are shared alike by all these plants ae 1953. Host plant perception in phytophagous insects 


is possible that the token feeding stimulant of the aoe _ Internatl. Congr. Ent., Amsterdam 1951 
2: 81-88. 


Solanaceae or a closely related compound occurs in Engler, A. 1936 
» A. 1936. 


: i ee : 2 ee Syllabus der Pflanzenfamilien. Ber- 
all of these families, but that its effect is just over- lin: Gebriider Borntraeger. 
balanced by feeding deterrents. The rest of the plants Frings, H., and M. Frings. 1949. The loci of contact 
which were highly acceptable to maxillectomized lar- chemoreceptors in insects. Amer. Midland Nat. 41: 
vae belong to the Cruciferae, Plantaginaceae, and ‘ 602-58. : i 
E ae Si at RE ia : : Hindle, B., and G. Merriam. 1912. The sensory per 
Compositae, unrelated families which are phylogenet- ceptions of Argas persicus. Parasitology 5: 203-16 
ically distant from the Solanaceae. It is difficult to Homp, R. 1938. Warmeorientierung von Pediculus 
imagine that these plants have a chemical affinity vestimenti. Zeitschr. vergl. Physiol. 26: 1-34. 
Ito, T., Y. Horie, and G. Fraenkel. 1959. Feeding on 
5 ‘ cabbage and cherry leaves by maxillectomized silk 
lack substances which are highly deterrent to the aeem later. tome. Serienlt: Sci. (Téa) 28: 
larvae of P. sexta. 107-13. : 
Yamamoto’s (1957) summary of the available in- Moss, A. M. 1920. Sphingidae of Para, Brazil. Novit. 
Zool. 27: 333-429. 
Tazima, Y. 1954. Alteration of food selecting char 
> : aaa : acter by artificial mutation in the silkworm. Bull. 
light of the above findings. Solanaceae are the most Internatl. Silk Assoc. 20: 27-29. 
common food plants, but a number of species feed on Torii, K., and K. Morii. 1948. Studies on the feeding 
habits of silkworms. Bull. Res. Inst. Sericult. Sci 
> ? 
eeeren. 28 Tne wolmertion tar Sood senate of Wiggleswor:h, V. B. 1941. The sensory physiology 
the related species, P. rustica, are of particular in- of the human louse, Pediculus humanus de Geer 
terest. P. rustica rustica R. and J. is found in North (Anoplura). Parasitology 33: 67-109. : 
and South America and feeds on Bignoniaceae, Ver- Wigglesworth, V. B., and J. D. Gillett. 1934. The 
benaceae, and Oleaceae. P. rustica postscripta R. and a = the Sa Bi Rhodnins a 
; ; : ’ (Hemiptera) and the mechanism of orientation t 
J. is confined to the Galapagos Islands and feeds on the host. Jour. Exptl. Biol. 11: 120-39. 
Compositae and Malvaceae as well as Boraginaceae Yamamoto, R. T. 1957. The specificity of the tobacco 
and Verbenaceae. P. nigrita, also found in the hornworm, Protoparce sexta (Johan.) to solanace 
3 ous plants. Ph.D. thesis, University of Illinois 
Urbana, Ill. 
tae. Yamamoto, R. T., and G. Fraenkel. 1960. The speci 
a ar ria. ficity of the tobacco hornworm, Protoparce se.xt 
REFERENCES CITED (Johan.), to solanaceous plants. Ann. Ent. S 


Ayers, S. H., C. S. Mudge, and P. Rupp. 1920. The Amer. 53: 503-7. 


with the Solanaceae. In common, however, they must 


formation on the food plants of the species of the 
genus Protoparce is of considerable interest in the 


the closely related Verbenaceae, Boraginaceae, and 


Galapagos Islands, feeds on Malvaceae and Composi- 
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Life History and Gall Development of Mordwilkoja vagabunda (Homoptera: 
Aphidae) on Populus deltoides'’ 


CARLO M. IGNOFFO? ann ALEXANDER A. 


GRANOVSKY* 


ABSTRACT 


A review of the taxonomy of this species is followed by 
descriptions of all the known stages, some of which are 
newly described, and by an account of the life history in 
the Minneapolis-St. Paul area of Minnesota. Fundatrices 
hatched from overwintered eggs between May 10 and 16, 
most commonly within old galls remaining from previous 
infestations. First-instar fundatrices fed gregariously on 
growing stem-apices to produce a visible gall within a 
week. Plant growth continued so as to enclose a funda- 
trix in a gall, where she completed development and pro- 
duced fundatrigeniae. The fundatrigeniae likewise de- 
veloped within these galls, with nymphs first recorded on 
June 8, pupae on June 18, and alate adults on June 25. 
Over 80,000 fundatrigeniae were recovered from 458 galls 


that were collected in one season. Migration of alate 


This study of Mordwilkoja vagabunda (Walsh), 
the poplar vagabond aphid, is presented in two parts. 
The first covers the ecology and bionomics of the 
species as it occurs in the Minneapolis-St. Paul area 
in Minnesota. This includes a taxonomic review 
of the species, descriptions of the stages in the sea- 
sonal cycle, distribution, developmental stages, popu- 
lation dynamics, alate migration, gall inhabitants, 
gall distribution, size, and infestation. The second 
part will deal with the morphological and histological 
descriptions of galls, gall growth, dehiscence and 
senescence, stem inhibition, nature and explanation 
of the feeding stimulus, and development of a proso- 
plastic type gall on cottonwoods. 


TAXONOMIC REVIEW 


Walsh (1862) described Byrsocrypta vagabunda 
as a new species from specimens he had collected 
on various forest trees during September. The time 
of collection, plus his description, indicate that he 
was dealing with the sexuparae generation. Walsh 
and Riley (1869) later recorded the species, as Pem- 
phigus vagabundus, from specimens collected during 
the spring and summer months, and also gave a brief 
description of the gall. Apparently these authors as- 
sumed that Walsh’s previous description applied 
equally to the alates which inhabited galls during the 
spring and summer. Oéestlund (1887) realized that 
this was erroneous, and published the first descrip- 
tion of the fundatrigeniae. 

Most references from 1869 to 1958 were distribu- 
tion records and redescriptions of different genera- 
tions. Persons active in this period were Riley 
(1869), Packard (1869, 1890), Thomas (1879), Os- 
born (1889), Cowen (1895), Hunter (1901), Wil- 
liams (1911), Patch (1913), Gillette (1914), Baker 
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fundatrigeniae from the galls to an undiscovered secondary 
host began on June 26 and continued for 51 days. Twenty 
galls kept under observation during this period produced 
12,294 alates. The seasonal peak of migration occurred 
between July 5 and 8, the daily maximum about 90 
minutes after sunrise. Probably two (possibly three) 
generations of alienicolae on the secondary host preceded 
the return, beginning on September 15, of alate sexuparae 
to the old galls on the cottonwoods and their production 
there of male and female sexuales. The larger galls, 
particularly those higher in the trees, became more heavily 
infested with sexuparae than smaller galls at lower levels. 
Sexuales completed four molts, then mated; and each 
female laid one egg in the old gall, 3 to 5 days after 
mating. 


(1920), Maxson (1923), Hottes and Frison (1931), 
Gillette and Palmer (1934), and Palmer (1952). 

There were some exceptions to this general pat- 
tern. Cockerell (1906) considered Byrsocrypta vaga- 
bunda Walsh unrecognizable, and proposed that the 
species be named Pemphigus oestlundi in honor of 
Oestlund; this proposal was not generally accepted. 
Del Guercio (1909) made a major change in the 
nomenclature of the species, removing it from Pem- 
phigus and transferring it to Mordwilkoja, a new 
genus erected in honor of Mordvilko. 

The fundatrix first described by Jackson 
(1907), who also reported some interesting observa- 
tions on the habits, distribution, life history, and 
economic importance of the species. The last major 
development was the description of sexuales and eggs 
by Oestlund and Hottes (1926), who also provided 
more information on the life history and who de- 
scribed the sexuparae. Alienicolae, as well as various 


was 


stages in the life cycle of each generation, are de- 
scribed for the first time in the present paper, and 
redescriptions of adult stages are also included. 


HOSTS AND DISTRIBUTION 

Mordwilkoja vagabunda (Walsh) first re- 
ported, as Byrsocrypta vagabunda, from Pennsylvania 
in 1862. At present it is known to 
Maine, Connecticut, Ohio, Illinois, Minnesota, Iowa, 
Missouri, Nebraska, Kansas, Wyoming, Colorado, 
and Utah. It has been reported infesting Populus 
deltoides, P. occidentalis, and P. sargenti. 


Was 


occur also in 


GENERATIONS AND STAGES IN THE SEASONAL 
CYCLE 

The successive generations in the seasonal cycle of 
Mordwilkoja vagabunda are egg, fundatrix, fundatri- 
genia, alienicola, sexupara, and sexuale (gamic fe- 
male and male). Stages in the life cycle are egg, 
nymph, pupa (fourth-instar nymph of alate), and 
adult. Diagnostic criteria presented below can be 
utilized to differentiate generations and stages which 
might be confused. 
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The fundatrix can be distinguished from other 
adults by the absence of wings and the presence of 
only four antennal segments. Winged sexuparae can 
readily be differentiated from winged fundatrigeniae 
by the short spur on the sixth antennal segment (0.06 
mm. long as compared with 0.17 mm. in the fundatri- 
genia) and by the presence of a large fore wing with 
a long, fuscous stigma. 

Body length and color are the most valid criteria 
for characterizing fundatrix instars. First instars 
are dark green to olive-brown, as compared to the 
pale cream-yellow of the second through the fourth 
instars. Average body lengths of the various instars 
are given in table 1. 

The most obvious character for determining the 
instar of fundatrigeniae is the number of antennal 
First instars have four, instars 


segments. second 


Table 1—Measurements (in hundredths of 


vagabunda. 


Stage, and number of ody Body Rostrum 


individuals measured length width length 


Fundatrix 
First instar (10) 


+ |t 


Second instar (10) 


bh bo 
wm N 


Third instar (10) 
Fourth instar (10) 
Adult, preprogeny (10) 


ue ww 
I+ I+ I+ I+ 


Adult, gravid (10) 


Fundatrigeniae 
First instar (31) 321 
411 


531 
Fourth instar (31) 641 
Adult alate (30) 801 


Second instar (34) 


Third instar (35) 


Alienicolae 


First instar (25) ) es 362 
Sexuparae (30) ) iss 
1 I+} 


Oviparous female (16) 85 22 


Male (11) 19+1 
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color changes to yellow-orange and remains this way 
throughout the winter. In the spring the 
progresses through several shades of 
prior to hatching. The dark red eye-spots of the de- 
veloping fundatrix are very evident during these later 
(25 specimens examined. ) 


color 


olive-green 


stages. 
Fundatrix 


First Instar (figs. 1B, 1C, 
color at hatching wax-yellow to olive-green, darken- 
ing to olive-brown approximately 48 hours later. 
Wax tufts present on posterior end of abdomen. Ap- 
pendages translucent at first, turning light gray- 
brown later. Posterior end of abdomen dark green, 
due to two lateral internal pigmented areas. In late 
first instars the dorsal region of the body becomes 
dark green, while the lateral and ventral regions re- 


1D).—General body 


various stages in the life cycle of Jordi 


nnal segments 


spur 


on VI 


III) IV F VI 


4 Not present; formed in later instar from distal portion of third segment. 


have five, and third and fourth instars have six 
segments. The fourth instars can be separated from 
third instars by the presence of external wing pads 
and internal alienicolae. 

Gamic females have large, crescent-shaped wax 
glands on the seventh abdominal segment, while 
gamic males do not. 


GENERATIONS IN THE SEASONAL CYCLE 
Egg 


Eggs (fig. 1) are oval, measuring 0.44+0.06' mm. 
long and 0.17+0.02 mm. wide. They are covered 
with wax, which is secreted from lateral pores on the 
abdomen of the oviparous female. Eggs from several 
females often are found grouped together with the 
remains of the sexuparae. At deposition the egg is 
pearly white and has a lustrous finish; later, the 

‘Throughout this paper, including the tables, the values 


preced:ng and following the + symbol are the mean and _ the 
s.andard error cf the mean, respectively 


Antennae and 


pre »be SCiS 


tain the yellowish, olive-green color. 
legs as dark as the head and body regions; 
dark at distal and proximal ends, lighter in between; 
rostrum long, extending to anterior margin of seventh 
abdominal segment. Measurements of this and later 
stages are given in table 1. 

Second Instar (fig. 1F ).—General body color pale, 
cream-white, pulverulent. Antennae, legs, and mouth 
parts gray-brown, darker than the body. Coxae 
brown. Short wax filaments projecting from pos- 
terior end of abdomen. Rostrum extending just be- 
yond hind coxae. Measurements as in table 1. 

Third Instar—Similar to 
of body and appendages. Measurements as in table 1. 

Fourth Instar—Similar to adult 
Rostrum extending to hind coxae. 
in table 1. 

Adult (preprogeny stage; fig. 2B).—Body 


second instar in color 


in body color. 
Measurements as 


color 
Head and antennae 


darker 


pale, yellow-cream, pulverulent. 
pulverulent; last antennal segment. slightly 
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Fic. 1.—Sequence in the development of the poplar vagabond gall produced by Mordwilkoja vagabunda. 
\, eggs in interior of old gall; B, first-instar fundatrix feeding on terminal bud; C, feeding posture of 
first-instar fundatrix; D, first-instar fundatrix feeding on ventral surface of a stipule which shows 
abaxial growth of apical and marginal areas; E, prehelmet stage of gall development, showing galled 
stipules on each side of a young leaf; F, prehelmet gall cut open to expose the second-instar fundatrix 
and first-instar exuvia. 
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Fic. 2—Sequence in the development of galls of Mordwilkoja vagabunda. A, helmet stage of gall 
development; B, helmet stage, cut open to expose young adult fundatrix; C, mature gall, cut to expos« 
the mature adult fundatrix in a peripheral pocket; D, terminal galls on a cottonwood stem; E, alate 
fundatrigenia emerging from a mature gall; F, old galls as they appear on cottonwoods during fall 


and early spring. 
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than other segments; femoral-tibial joint darkened; 
tarsus dark; anterior one-third of rostrum dark; 
tip of rostrum extending to hind coxae. Body shape 
oval. Wax glands distributed as follows: Prothorax 
with one pair of small, oval glands on tergum near 
midline; mesothorax with three pairs of circular 
glands on tergum; metathorax same as mesothorax; 
abdominal segments 1 to 4 with three pairs per seg- 
ment, lateral pair largest; segment 6 with two pairs 
of large, oval glands; segment 7 with two pairs of 
glands, lateral pair large, dorsal pair small; segment 
8 without visible glands. Measurements as in table 1. 

Adult (gravid stage; fig. 2C)—Body color as in 
young adult; heavily pulverulent. Body pear-shaped. 
Antennae colored as in young adult except that seg- 
ments 1 and 4 are darker. Measurements as in table 1. 


Fundatrigeniae 


First Instar—Body of newly deposited individuals 
pale lemon-yellow, approaching white; appendages 
translucent and glued together on ventral side along 
midventral line; appendages gray in later stages. 
Eyes distinct, red-brown, the three facets arranged 
in a triangle. Distal portions of antennae, proboscis, 
and tarsi, claws, dark-colored; femoral-tibial 
joints darkened. Head gray. Posterior part of ab- 
domen white due to presence of wax. Rostrum pass- 
ing hind coxae. Primary sensoria on antennal seg- 
ment 6 circular, as also are secondary sensoria on 
Antennae four-jointed. Measurements 


also 


segment 3. 
as in table 1. 
Second Instar.—Body color similar to that of first 
instar ; pulverulent. 
trum attaining hind margins of hind coxae. 
tennae five-jointed. Measurements as in table 1. 
Third Instar—Body color same as in first instar; 
Rostrum 


Ros- 


An- 


appendages yellow-gray, 


appendages dark gray-yellow, pulverulent. 
extending between middle and hind Wing 
pads present only as slight thoracic swellings. Late 
third instars with progeny developing in abdomen. 
Antennae six-jointed; distal end of segment 3 with 
Measurements as in 


coxae. 


indistinct circular sensoria. 
table 1. 

Fourth Instar (pupa).—Head pale, dusky cream- 
yellow; eves dark red, almost black. Antennae pale, 
yellow-gray, segments 5 and 6 dark. Thorax cream- 
yellow, becoming dark brown in late fourth instar, 
pulverulent. Wing pads of same color as thorax, 
but dark at base. Legs pale cream-yellow, darkened 
at femoral-tibial joint and on distal end of tibia. 
Rostrum extending to middle coxae, dark at distal 
Secondary sensoria faintly visible on antennal 
segments 3 and 4; primary sensoria with a rim. 
Progeny in abdomen with dark eye spots. Measure- 
ments as in table 1. 

Adult Alates (fig. 2E)—Head dull brown; thorax 
yellow-brown; abdomen pale yellow-green. Progeny 
in abdomen distinct. Migrating alates: Head, thorax, 
legs, and antennae dark brown-black, lustrous, later 
pulverulent; eyes dark red-brown; abdomen green- 
yellow to olive-green, pleural region of abdomen 


end. 
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green to tip. Fore wing clear; stigma, costa, and 
subcosta distinct, slightly fuscous; media, cubitus, 
and anal vein simple. Hind wing with oblique veins 
indistinct. Primary sensoria circular, fringed with 
setae. Antennal segments 3 and 4 with elliptical 
secondary sensoria; spur of antennal segment 6 with 
three small sensoria. Cornicles mere rings. Rostrum 
extending to middle coxae. Wax gland distribution: 
prothorax with one pair, elliptical, located on tergum 
at 45° angle to midline; mesothorax with one pair, 
oval, on tergum near midline; abdominal segments 
with two pairs, the lateral pair circular, the dorsal 
pair oval on segments 1 to 6, glands on segments 6 
and 7 smaller than on 1 to 5. Cauda and anal plate 
rounded, the latter with 10 to 14 setae (see table 
2). Body setae inconspicuous. Number of hamuli as 
in table 2. Secondary sensoria transverse, their dis- 
tribution on antennal segments 3 and 4 as shown in 
table 2. Measurements as in table 1. 


Table 2—Variation in numbers of certain structures 
on adult fundatrigeniae of Mordwilkoja vagabunda. 


Percent of sample with 
8 9 10 11 12 13 14 


Setae on anal plate 4 28 28 16 24 


Secondary sensoria 
on antennal 
segment 3 


Same, on segment 4 


Hamul 


Alienicolae 


First Instar—Head yellow-tan, eyes three-faceted, 
dark red-brown; thorax and abdomen pale yellow- 
Rostrum ex- 


brown; appendages gray, translucent. 
tending one-third the body length beyond abdomen. 
Measurements as in table 1. 


Sexuparae 


Head, thorax, antennae, and legs dark brown, 
changing with age to lustrous black, pulverulent:; eyes 
dark red-brown; abdomen light yellow-green, be- 
coming dark blue-green with maturity. Long wax 
filaments present on posterior one-third of abdomen, 
rest of abdomen with scattered, smaller wax filaments. 
Wax gland distribution: head with one pair, oval, 
located laterad of middorsal line; prothorax with 
three pairs, circular, one pair on pleura, two pairs on 
tergum; mesothorax with one pair, large, oval, on 
tergum; metathorax with two pairs, the pleural pair 
circular, tergal pair oval; abdominal segments 1 to 7 
with paired lateral glands and with additional glands 
as follows: segments 1 and 2 with paired dorsal 
glands; segment 3 with a pair of large, oval glands 
on tergum; segment 4 with a single, large, oval gland 
on tergum, equal in size to the paired glands of seg- 
ment 3; segments 5, 6, and 7 without tergal glands; 
segment 8 with a large, sickle-shaped gland covering 


most of tergum. Fore wing with a large, fuscous 





1961 ] 


stigma, radial sector arising far back on stigma, 
media simple, its proximal part missing, cubitus and 
anal veins distinct and entire. Hind wing clear, with 
veins arising triradiately. Number of hamuli: 12% 
of sample with three, 24% with four, 52% with five, 
12% with six. Rostrum and cornicles absent. Anal 
plate dark, round, with 11 to 18 setae. Cauda dark, 
short, round, bearing two long setae on its dorsal 


surface. Measurements as in table 1. 


Oviparous Female 


Body shape cylindrical, tapering to a blunt point. 
Head and appendages light brown to dusky gray; 
antennal segment 5 darker than other segments; eyes 
three-faceted, dark red-brown; thorax and abdomen 
golden yellow. Rostrum and cornicles absent. Cauda 
and anal plate short, rounded. Egg extending into 
thorax. Abdominal segment 7 with a pair of large, 
lateral, U-shaped wax glands. Measurements as in 
table 1. 


Male 


Body color same as in oviparous female; eyes 
three-faceted, dark red-brown. Cornicles and ros- 
trum absent. Cauda and anal plate short, round. Leg 
segments broad, not tapering at joints. Abdomen 
more truncate than in female, posterior end curved 
under. Genitalia curved, strongly sclerotized. Sec- 
ondary sensoria absent. Measurements as in table 1. 


PREDICTION OF BIOLOGICAL EVENTS 


The thermal-unit method was compared to the 
calendar-date technique to determine the best method 
for predicting events (egg hatching, attainment of 
the rose stage in gall development, occurrence of 
fundatrigeniae). Accumulated 
based upon a developmental 
Thermal-unit differences were 
accumulated daily (day-degrees), then correlated 
with particular events. This method, originally de- 
veloped by Glenn (1922, 1931) and refined by Shel- 
ford (1927) and Andrewartha (1944), is based upon 
the assumption that the events measured are tempera- 
ture-dependent and that little or no development oc- 
curs below the threshold value. The period in the 
present study was from April 27 to June 25 for the 
1953, 1954, and 1957 seasons. 

Theoretically, a particular event should occur year 
after year at a definite thermal accumulation, regard- 
less of the calendar date. Temperature variations 
that are obtained presumably are due to differences 
between micro- and macrohabitats, and to develop- 
ments which occur below threshold temperatures. 

The 3-year average for field hatching was 140 day- 
degrees. The range extended from 16 to 34 hours, 
based upon an average of 15 day-degrees per 24-hour 
period. In contrast, the calendar-date method covered 
a period of 72 to 360 hours (April 27 to May 10). 

Gall development to the rose stage can be antici- 
pated on 249 day-degrees. The range for rose-stage 
development extended from 19 to 41 hours, as com- 


nymphal and _ alate 
thermal units were 


threshold of 46° F. 
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pared to the calendar-date range of 48 to 312 hours. 
The day-degree technique is more efficient for spring- 
fall seasons than for summer seasons. However, to 
be consistent, thermal units (above the 46° threshold) 
were accumulated throughout the 1954 base season, 
and the accumulated values were then used to “fix” 
various events in the life history. 


SEASONAL CYCLE IN MINNESOTA 


Eggs deposited in the fall were found predomi- 
nantly in peripheral pockets of galls on trees from 
previous infestations (fig. 2F). Occasionally, eggs 
were found wedged under the scale-lips of old galls, 
or in bark crevices near galls. The latter sites may 
serve as primary sources of infestation. Eggs were 
deposited in small groups, within a larger group 
numbering 40 to 50, covered with a wax-like filament, 
and found amidst remains of the sexuparae (fig. 1A). 
Seasonal events are depicted in figure 3. 


JAN , FEB |MARCH APRIL MAY , JUNE ; JULY , AUG , SEPT, OCT . NOV , DEC 


eipeaat tadant 
= 


frre n ral 


migrants in gall 
TTT 
t t 
alienicolae 
ey 


Fic. 3—Occurrence of various stages in the seasonal 


cycle of Vordwilkoja vagabunda in Minnesota. 

In 1954 hatching began in the Minneapolis-St. 
Paul area on May 10 (140 day-degrees) and con- 
tinued until May 16 (222 day-degrees). At this time 
developing stems of the host trees reached 23 to 32 
mm. in length and had five to seven fully developed, 
open leaves. The hatching period terminated when 
lilacs were beginning to bloom. 

First-instar fundatrices migrated from the hatch- 
ing sites to settle and feed on developing apices (figs. 
1B, 1C). During this period feeding was gregarious, 
with as many as 10 to 15 stem mothers per apex. 
Within a week, infested apices showed symptoms 
due to the concentrated feeding. Each such apex 
turned red, and superficially resembled an open rose 
(236 day-degrees), with each galled stipule likened 
to a petal. 

The fundatrix executes all molts within a 
pletely closed gall formed by the downward curling 
of the tips of the affected stipules (fig. 1D). The 
first molt occurred at 394, the second at 438, the third 
at 534, and the fourth at 561 day-degrees. Fundatri- 
geniae were produced shortly after completion of 
the fourth molt and were present within galls from 


com- 
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June 8 to August 9. The average production per 
fundatrix fundatrigeniae. One individual 
gall yielded 1,676 individuals. The peak population 
of nymphs within the galls was reached June 28, 
about 20 days after initial production. Pupae first 
appeared in galls on June 18, at 854 day-degrees, 
reached their peak on July 15, and were present until 
August 10. 

Alate fundatrigeniae were observed on June 25 
(1,050 day-degrees), 17 days after the first nymphs 
were recorded, and could be recovered from galls 
until August 12. Their migration reached its peak, 
on a seasonal basis, between July 5 and July 8; and 
on a daily basis, about 90 minutes after sunrise, be- 
tween 5:30 and 6:30 a.m. The single daily migration 
peak observed for this species contrasts with the two- 
per-day pattern in the bean aphid, Aphis fabae Scop., 
where Johnson (1951), using a suction net at 2,000 
feet, found one peak of migration shortly before noon 
and another peak in the evening. 

Adults that leave the primary cottonwood host fly 
to a secondary host to deposit the alienicolae. The 
secondary host has not been found as yet, but field 
observations indicate a definite relationship between 
its location and the presence of water such as ponds, 
or lakes. Fundatrigeniae of related genera 
are known to be root-feeders, and those of M. vaga- 
bunda may well feed on roots or underground por- 
tions of semi-aquatic plants; but extensive searching 
for alate fundatrigeniae and sexuparae in such plant 
associations proved futile. In some cases alate funda- 
trigeniae were found feeding and depositing young on 
a sedge-mat complex consisting of two species of 
sedges, but all alates and their alienicolae on this 
complex disappeared within a few days and could 
not be traced. Even the primary host was thoroughly 
searched. 

Eighty-two days elapsed between the migration of 
alate fundatrigeniae on June 26 and the migration 
of sexuparae on September 15. Apparently there are 
two or three generations on the secondary host. The 
first of these is the progeny of the fundatrigeniae, 
and the second (or third, as the case may be) de- 
velops into the sexuparae. Sexuparae appeared on 
the primary host on September 15 (3,067 day-de- 
grees), and were present in varying numbers until 
October 14. 

Sexuparae which thus are at least two, and possi- 
bly three, generations removed from the primary 
host migrate back to it and accumulate in galls made 
by previous generations. How the sexuparae “find” 
the primary host is a still unanswered question. Pre- 
liminary data on distribution of sexuparae on sur- 
rounding vegetation indicate that some sort of selec- 
tion occurs; possibly, also, the upper branches of 
cottonwoods act as a sieve to collect wind-blown 
sexuparae. The sexuparae then move to the galls, 
where they produce sexuales. Kennedy (1950) be- 
lieved that aphids are capable of two active flight 
movements, and that they are not “combed” out of 
the air but rather make a directed movement toward 
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the host. Presumably the aphids remain on the plant 
where they alight if it is a suitable host or take 
flight again if it is not. This, too, may explain the 
extremely large numbers of sexuparae found on the 
primary host. Hypotheses similar to that of Kennedy 
have been proposed previously by Davies (1939), 
Greenslade (1941), and Broadbent (1948). 

Males and gamic females both complete four dis- 
tinct molts within 2 days, and in some cases exuviae 
from previous molts remain attached in normal se- 
quence. Neither sex has functional mouthparts. Mat- 
ing occurs after the last molt and follows this se- 
quence. The male straddles the female from the side 
and inserts the aedeagus into the posterior end of 
the female’s abdomen; then, after a short while, with- 
draws the aedeagus but remains clasping the female 
in the straddle position. Each female deposits only 
one egg, which is laid 3 to 4 days after mating (3,122 
day-degrees ). 

The first sign of oviposition is the appearance ot 
clear fluid in areas under the cuticle. This is followed 
shortly by the descent of the egg. which is pushed 
from the abdomen by rhythmic pulsations of the last 
few abdominal segments. As the egg is extruded the 
posterior segments of the abdomen telescope forward, 
and this telescoping reduces the body length of the 
female by approximately one-half. A coating of wax- 
like filaments is left on each egg. Observations, five 
in number, that eggs were deposited 12 
minutes after the clear, fluid areas first appeared. 

The eggs remain in the galls throughout the win- 
ter and until the following May, when the, seasonal 
cycle is initiated again. Table 3 lists early and late 
field records of each generation, as well as the dura- 


showed 


Table 3.—Field records of early- and late-occurrence 
dates and duration (in days) of various stages of 
Mordwilkoja vagabunda for the year 1954. 

Stage Duration Early date Late date 
Fundatrix 73 
First instar 19 


May 10 July 31 
Second instar 
Third instar 
Fourth instar 
Adult 

Fundatrigenia 
Nymph 
Pupa 
Alate 


Alienicola 


June August 12 
June 
June 


June 


August 9 
August 10 
August 12 


Sept. 15 
Oct. 14 


On secondary host June 


Sexupara Sept. 15 
Individual longevity 
On primary host 

Sexual Sept. Oct. 20 

Male longevity 

Female longevity 


Egg Sept May 16 
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BIOLOGY OF FUNDATRIX 


Egg Hatching—Eggs collected in early spring 
from old galls were kept outdoors to determine their 
hatching, and counts were taken at 24-hour intervals. 
Temperature data from a recording thermograph 
were converted to day-degree thermal units, utilizing 
a developmental threshold of 46° F. The percent of 
hatch is shown in figure 4. Hatching began on May 
10, after 140 day-degrees, when cottonwood stems 
averaged 28 mm. long and had five to seven fully 
Hatching terminated on May 16 


day-degrees ). 


opened leaves. 


227 


(222 


CUMULATIVE PERCENT HATCH 


190 
DAY — DEGREES 
“4 
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CALENDAR DATE 


Fic. 4.—Egg hatching of M. vagabunda in Minnesota. 


Apparently some development occurs prior to the 
laid over a 3-week period 


winter season, as eggs 
all hatched within 1 week in the following spring. 
Out of 470 eggs, 368 (or 78.3%) eventually hatched, 
while for eggs collected from individual galls the 
range of hatching was from 60% to 95%. 

Dispersion.—Information on distances traveled by 
first-instar fundatrices was obtained through experi- 
ments attempting to produce galls on previously unin- 
fested cottonwoods. A cottonwood with a Y-branched 
main trunk was selected and old galls with viable 
eggs were taped to one branch of the Y while the 
other branch was left uninfested. Measurements 
taken later of the distances from the taped galls to 
newly formed ones ranged from a minimum of 9.3 
feet to a maximum of 28.3 feet. However, this maxi- 
mum involved an egg site at the farthest available 
point of the tree, so that fundatrices may actually 
travel greater distances to reach suitable sites for 
gall production. 

Molting and Development.—The first molt (fig. 
1F) and all subsequent molts are accomplished within 
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the gall, so that direct studies of the initiation of 
molting, the number of molts, and duration of each 
stage could not be made without destroying the gall 
(and, consequently, the fundatrix). Therefore, from 
May 27 to June 11, 15 galls per day, on the average, 
were collected and dissected, and the stage of funda- 
trix development in each was determined by count- 
ing the number of exuviae. The initiation and dura- 
tion of the various instars was found to be as follows: 
First instar, May 10 to 29 (19 days); second instar, 
May 29 to June 5 (7 days); third instar, June 5 
to 7 (2 days) ; and fourth instar June 7 to 8 (1 day). 
Shortly after completing the last molt, the fundatrix 
produced the first fundatrigeniae, then continued re- 
producing until midsummer. The longevity of the 
fundatrix was 73 days, of which 40% was devoted 
to development to maturity and 60% to reproduction. 
Biotic Potential—This was determined by analyz- 
ing the data obtained from the studies of alate mi- 
gration presented below. Twenty galls were bagged 
to collect the alates, and records were kept of all 
individuals produced within each gall. These 20 galls 
yielded 15,817 fundatrigeniae, an average of 791 per 
fundatrix, with a minimum of 397, and a maximum 
of 1,385. (Another gall, collected for seasonal popu- 
lation studies, yielded 1,676 fundatrigeniae.) These 
fundatrices were in production from June 8 to July 
21, or 44 days. Based on a reproductive period of 
this length, the average reproductive rate was 18 
fundatrigeniae per fundatrix per day. 


BIOLOGY OF FUNDATRIGENIAE 


Daily Migration of Alatae—Daily migrations were 
recorded for the two days July 11 and 12, on which, 
respectively, sunrise occurred at 4:36 and 4:37 a.m. 
and sunset at 8:00 and 7:59 p.m. Each of 20 galls 
was covered with a cellophane bag to capture emerg- 
ing alates. Collections were made shortly after sun- 
rise and at hourly intervals until noon on each day, 
together with another, single collection just before 
sunset. The alates collected after noon were recorded 
as alates per hour over the noon-to-sunset period. 
The cumulative and hourly averages are shown in 
figure 5. 

Migration began shortly before sunrise, and peak 
emergence, from 5:45 to 6:15 a.m., reached 
within 90 minutes. Approximately 50% of the alates 
migrated within 75 minutes, and 90% of the total 
daily migration was completed by noon, about 8 hours 
after it was begun. For the 2-day period the interval 
from sunrise to noon produced an average of 68.5 
migrants per hour from the 20 galls, in contrast to 
an average of 1.2 alates per hour produced from noon 
to sunset. Migration of alates stopped completely 
after sunset, even though alates were present within 
the galls. The total alate migration was 439 and 657 
individuals, respectively, on July 11 and July 12, 
giving a daily average of 22 migrants per gall on 
July 11 and 32.9 on July 12. 

Seasonal Migration of Alatae—Twenty galls from 
an artificially infested tree were covered with cello- 
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Fic. 5.—Daily migration by alate fundatrigeniae of Mordwilkoja vagabunda. 


phane bags to recover issuing migrants. The bags 
were collected and replaced at noon each day through- 
out the entire study period, from June 26 to August 
12, and records were kept of the number of alates, 
as well as pupae or nymphs, found in them. Daily 
and cumulative migration over the entire flight period 
are illustrated in figure 6. 

The first of the 20 galls to produce alates did so 
on June 26, and the last one produced its first mi- 
grant on July 5. The earliest date of completed mi- 
gration was July 10, while the last migrant was re- 
covered on August 5. The periods during which in- 
dividual galls produced alates ranged from 12 to 33 
days, with an average of 22.5 days. In the first 7 to 
8 days (1270 day-degrees) after migration began, 
25% of the alates migrated; the 50% level 
reached in 10 to 11 days (1345 day-degrees), and 
the 75% level in 13 to 14 days (1440 day-degrees), 
while the peak of alate migration took place from 
July 5 to 8 (1320 day-degrees). In all, migration 
occurred over a 5l-day period and 12,294 alates 
emerged from the 20 galls for an average of 615 
alates per gall, with individual values ranging from 
293 to 1,030 per gall. On the basis of a 51-day 
period, this was an average daily production of 


was 


12.1 alates per gall per day. 

Reproduction and Biotic Potential—Groups of re- 
cently issued alate fundatrigeniae were caged in 
salve tins to study their rate of reproduction. Ten 


replicates, with from 9 to 13 individuals in each, 
were kept at room temperature, and the number of 
alienicolae produced by each group was recorded at 
various intervals for the next 72 hours. The results 
are given in table 4. 

Production of alienicolae began approximately 11 
hours after the fundatrigeniae were collected. One- 
half of all the alienicolae deposited were produced by 
the end of the next 30 hours, and after 10 more 
hours production reached 90% of the total. In all, 
the 108 alates in the 10 replicates produced 910 
alienicolae within 3 days, or an average of 8.4 
alienicolae per alate. Production in the various in- 
dividual replicates ranged from 4.5 to 13.4 alienicolae 
per alate. 

Alate fundatrigeniae and pupae 
also, to determine the number of their alienicolae. 
Five replicates, with 10 individuals per replicate, 
yielded averages of 12.6 alienicolae per alate and 12.1 
per pupa. These numbers are in agreement with 
those obtained for naturally deposited alienicolae. 

Survival of Alates—Since survival of alate funda- 
trigeniae without food appears to be an important 
factor during migration, a study was undertaken to 
determine longevity and mortality of alates under 
starvation conditions. Approximately 11 alate funda- 
trigeniae, gathered from freshly dissected galls, were 
placed in each of 10 cages, and mortality counts 
were taken at hourly intervals. Mortality in the first 
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Fic. 6.—Seasonal migration of alate fundatrigeniae of Mordwilkoja vagabunda. 


24 hours was 6%, but 100% mortality was reached by 
the end of the third day. This, taken in conjunction 


with the data discussed above on the deposition of 


Table 4—Number of alienicolae produced by alate 


fundatrigeniae in 10 replicated tests. 
Number of alienicolae produced 


Hours after collection Alienicolae 


of alates per alate 
24 48 


9 3 17 101 
10 17 37 
12 0 0 
10 15 0 
10 4 53 
11 18 30 
11 p 4 
11 31 
13 

11 


Total 108 Mean 


Percent 


alienicolae, indicates that migrating alate fundatri- 
geniae must reach the secondary host within 3 days. 
Recent field have indicated, however, 
that migrating alates may feed on plants other than 


observations 


the secc yndary host. 


BIOLOGY OF SEXUPARAE 

Occurrence in Old Galls—On November 5, ap- 
proximately 3 weeks after the last collection of mi- 
grant sexuparae, 147 galls were randomly collected 
from three naturally infested trees at Spring Lake 
Park, Minnesota. 
termine the frequency, average number, and range 
of multiple infestations by sexuparae. 

The 147 galls yielded a total of 549 
or an average of 3.7 sexuparae per gall. 
shown below, each sexupara produces, on the aver- 
age, 3.4 females and each female lays one egg, the 
theoretical egg production this lot of 
averaged 12.6 eggs per gall, and for individual galls 
the theoretical production ranged from 3 to 217 
eggs per gall. 


These galls were dissected to de- 


sexuparae, 
Since, as 


from 


galls 
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At least one sexupara was found in 70 (48%) 
of the galls dissected.° One to three sexuparae oc- 
curred in 43%, four to six in 34%, and seven to nine 
in 6% ot those that were infested. No single class 
above the nine-per-gall level exceeded 3% infestation, 
but 17% of the infested galls contained from 10 to 
65 sexuparae per gall. The classes with from one to 
nine sexuparae per gall made up 83% of the infested 
galls and included 43% of all the sexuparae found. 
By way of contrast, the group with 10 to 65 sexu- 
parae per gall made up only 17% of the total infes- 
tation, yet contained 57% of the sexuparae. 

Reproduction and Biotic Potential—Sexuparae, re- 
cently migrated from the secondary host, were caged 
to determine their reproductive rate, and records 
were kept of the males and females produced by each 
one. After their death, the sexuparae were dissected 
to obtain the numbers of unborn sexuales and these 
were included in the totals. Many of the unborn 
individuals could not definitely be sexed. 

Reproduction was initiated at 13 hours and con- 
tinued for 111 hours, after which all the sexuparae 
were dead. One-half of the sexuales were deposited 
within 44 hours, and 90% within 80 hours. Pro- 
duction per sexupara ranged from 4 to 10 (including 
unborn individuals), and averaged 7.30.6 sexuales. 
Of sexuales produced that could be sexed, the aver- 
ages per sexupara were 2.5+0.4 males, and 3.4+0.6 
females. Based on percent of total production of 
sexuales, this is a ratio of 34% males to 47% females, 
with the sex of 17 unborn individuals (19% of total 
sexuales) undetermined. An explanation of the de- 
viation from a 1:1 sex ratio may lie within this last 
group. 

BIOLOGY OF SEXUALES 

Approximately 25 males and females, collected at 
birth, were caged at temperature 
observed for molting and oviposition. The average 
times for these events are given in table 5. 


room and were 


Table 5.—Rate of development of sexuales, expressed 
as total hours elapsed after birth. 


Mal Female 
Range 


First molt 

Second molt 
Third molt 
Fourth molt 


135.1 


Oviposition 


The sexuales lack functional mouth parts and so 
do not feed after birth, yet both males and females 
molted four times. The rate of development was 
not significantly different in either sex. Mating be- 
gan shortly after the fourth molt was completed, and 
were laid approximately 3 to 5 days after 
The females died shortly after ovipositing. 


eggs 


mating. 
5 Four naturally infested trees were also examined on Oc- 
tober 10 to determine the percentage of galls with sexuparae. Of 
296 galls, 143 (48.4%) were so infested. 
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POPULATION STUDIES 


Population studies were made on nymphal, pupal, 
and alate fundatrigeniae within 458 galls collected 
from artificially infested trees, from May 28 to 
August 9. The galls were fixed and preserved in- 
dividually in vials containing Kahle’s fluid for sub- 
sequent counts, and approximately 80,000 aphids were 
counted. Individual as well as average values for 
sach stage are shown in figure 7. 

Production of nymphs began on June 8 and the 
peak population was reached on June 28, with an 
average of 765 nymphs within each gall. Their popu- 
lation then declined, and the last nymph was re- 
corded on August 9. Pupae were recovered from 
galls from June 18 until August 10, with a peak 
population on July 15 which averaged 580 pupae per 
gall. Alate fundatrigeniae appeared within the galls 
on June 25 and were found until August 12, with their 
population peak occurring from July 12 to 16. The 
peak of total population was reached on July 10, when 
an average of 1,332 individuals per gall was recorded. 

The durations of the various fundatrigenial stages 
can be estimated on the basis of initial appearance 


records. Assuming that the same individuals were 


involved, the interval from June 8 to June 18 indi- 
cated that nymphs required 10 days to develop into 
pupae; and with alates first appearing on June 25, 
a duration of 7 days was indicated for the pupal 
stage. The total longevity of fundatrigeniae was 20 
days, of which the last 3 days were spent as adult 


alates. : 


GALL INQUILINES 


The galls examined for population studies were 
also used to determine the inquiline species associated 
with galls of this aphid. Of the 458 galls collected 
from May 28 to August 9, 36 contained at least 
one inquiline, and 27 different species were recorded. 
The numbers of individuals, in descending frequency 
of occurrence, were as follows: Chaitophorus popu- 
lifoliae Oestlund, 49; Anthocoris borealis Dallas, 27; 
Chrysopa oculata Say, 21; Arachnida, 12; Haplo- 
thrips fauret Hood, 11; Phycitidae, 10; Adalia bi- 
punctata L., 8; Formica fusca (L.) Creighton, 6; 
Leucopsis sp., 5; Camponotus pennsylvanicus DeG.., 
5; Hippodamia convergens Guérin, 3; Syrphus knabi 
Shannon, 2; Aphelinus mali Hald., 2; and one each 
of Carabidae, Hydraena sp.; Chrysotus sp.; Droso- 
phila sp.; Camptoprosopella sp.; Pleurotropsis sp.; 
Trichopria sp.; Cephalonomia Notodontidae ; 
Thrips fuscipennis Hood; Anatsis quindecipunctata 
Oliv. 

Galls generally were free from inquilines from the 
time the fundatrix was enclosed until exit holes were 
developed. A predacious thrips, Haplothrips faurei 
Hood, collected from galls on June 17 and June 20, 
was an interesting exception. Since these galls had 
no apparent exit holes, the thrips probably were 
trapped within the galls as they were forming. Oc- 
casionally, galls were prematurely opened by terminal 
tip borers (Phycitidae and Notodontidae). When this 
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Fic. 7—Seasonal occurrence and 
happened, larvae of Chrysopa oculata Say and adults 
of Adalia bipunctata L. could enter the galls and 
feed on fundatrigeniae. Smith (1922) recorded that 
a larva of C. oculata consumed 170 aphids in a 19- 
day period, and Wadley (1931) reported Hippodamia 
convergens and Syrphus spp., predators also found 
in galls of this aphid, as accounting for 103 and 156 
aphids, respectively. Of the inquilines collected, 
45.8% were known predators of aphids, 8.3% were 
known parasites of species known to be associated 
with galls, 8.3% were general feeders, and the food 
habits of 8.3% were unknown. Spiders of the genera 
Clubiona, Philodromus, Titanaera, and Icius were 
found in old galls on April 15, 1957, apparently 
having used the galls as overwintering sites. 

Old galls collected on November 6 contained para- 
sitised fundatrigeniae. The parasites were dissected 
out, and subsequently were identified as Aphelinus 


CALENDAR DATE 


population density of 


wz S iz 
AUGUS1 


ie) is 20 25 
JULY 
Mordwilkoja within galls 


fundatrigeniae of vagabunda 


mali. In a single gall 2 
alates were parasitised. Assuming that parasite selec- 
tion for each stage did not occur, the population ratio 
and number of each stage parasitised would indicate 
the time of parasitism. On this basis, parasitism oc- 
Andrewartha 


, 2 ¢ ‘ . Ss 
nymphs, 13 pupae, and 5 


curred from July 26 until August 9. 
and Birch (1954) have reported that introduction of 
A. mali reduced populations of Eriosoma lanigera 
Hausmann, which produces pseudogalls on elm leaves, 
to such low numbers that this species is now quite 
rare! 

Acknowledgments are extended to P. W. Oman, 
Director of the Insect Identification and Parasite 
Introduction Laboratories, U.S.D.A., for his 
tance in enabling the following workers to identify 
the inquilines: K. V. O’Neill, Thysanoptera; R. E. 
Warner, Coleoptera; R. I. Sailer, Hemiptera; C. W. 
Sabrosky and W. W. Wirth, Diptera; B. D. Burks, 
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C. F. W. Muesebeck, K. V. Krombein, and M. R. 
Smith, Hymenoptera; and H. W. Capps, Lepidop- 
tera. The spiders were determined by J. P. Wood- 
ring, University of Minnesota. 


GALL DISTRIBUTION, SIZE, AND INFESTATION 


Galls on both naturally and artificially infested 
trees were studied to determine what relations, if any, 
existed between gall size, gall position, and sub- 
sequent infestations by migrating sexuparae. Three 
naturally infested cottonwoods were used as _ repli- 
cates; these measured, respectively, 14, 11, and 10 
feet high, with diameters (at 1 foot above ground 
level) of 314, 334, and 3 inches. One tree, 20 feet 
tall and 5 inches in diameter, was infested by taping 
18 old galls containing viable eggs to its branches. 
The number of galls in each of three sections, desig- 
nated as upper, middle, and lower third, respectively, 
were recorded, and these data are presented in table 6. 


Table 6—Distribution of galls on naturally and arti- 
ficially infested cottonwoods. 


Artificial 
infestation” 


Natural 
infestation* 


Position 
on tree 


Upper third 47.0 + 12. 518 


Middle third 27.0 126 
Lower third 4.7 60 


+ 
> 


a Average of three replicates, with standard error of mean. 
L.S.D. 5%, 31.5; L.S.D. 1%, 


b Total values from one tree only. 


52.1. 


These data indicated that more galls were found 
at higher levels in the trees. Of 704 galls collected 
from the artificially infested tree, 73.6% were re- 
covered from the upper third, 17.9% from the middle 
third, and 8.5% from the lower third. This appears 
to have been a manifestation of the fundatrices’ re- 
sponse to favorable gall-producing sites, and not an 
indication of the number of available shoots. Ap- 
proximately 84% of 618 terminals examined from the 
upper tree-level had galls or showed signs of initial 
gall development, while 41% of 305 terminals were 
infested in the middle level and 36.1% of 166 ter- 
minals in the lower level. Of 869 available terminal 
apices found on another tree, 442 were infested, 384 
were not infested, and 43 were stunted and probably 
initially infested. The infestation trend was similar 
in both the artificially and the naturally infested 
trees. 

Other studies were conducted to determine whether 
gall position and gall size were related to selection 
and subsequent infestation of old galls by sexuparae. 
Galls which contained sexuparae were tabulated as 
infested galls, and were grouped into three classes on 
the basis of their height in the trees, as described 
above. Similarly, the galls were grouped into three 
classes on the basis of size, with “small” galls less 
than 21 mm., “medium” galls 21 to 41 mm., and 
“large” galls 42 mm. or more in diameter. The small 
and medium galls were from gall clusters. The re- 
sults from these studies are given in table 7. 
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Table 7.—Relationship of infestation by sexuparae of 
M. vagabunda to size of galls and to position of galls 
on infested cottonwoods. 


Nx . of 
galls 


Percent 
infested* 


Size of galls: 
Under 21 mm. 23 
21 to 40 mm. 88 
Over 40 mm. 
L.S.D. 5%, 18.4 
L.S.D. 1%, 30.5 


15.4 12.1 
46.6 9.1 
62.8 9.7 


Position on tree: 
Upper third 141 
Middle third 81 
Lower third 14 


a Average of three replicates, with standard error of 

Although the values for height in the trees and 
percent of infestation were not significant at the 5% 
level, the data indicated that a trend existed. Ap- 
parently a larger sample of galls from the middle and 
lower levels will be required to show statistical signi- 
ficance. On the other hand, gall size definitely seemed 
to have some effect on subsequent infestation by sexu- 
parae. Such infestations were higher in larger galls, 
and lower in small ones, and comparisons between 
large and small galls were statistically significant at 
the 1% level. 

To generalize, we may say that larger galls, par- 
ticularly in the upper levels of infested trees, were 
more likely to contain viable eggs. Consequently 
these sites should be the most important foci for 
overwintering eggs and subsequent reinfestation by 
fundatrices in the following spring. Knowledge of 
this is useful as a practical means of control of 
Morwilkoja vagabunda on ornamental cottonwoods. 
Effective control can be maintained by removal of 
all galls in the early spring. 
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Taxonomic Studies on the Larval Trombicula (Neotrombicula) nagayoi 


‘Complex of Central Korea 


(Acarina: Trombiculidae)' 


ERVIN H. KARDOS* 
ABSTRACT 


The “nagayoi” complex includes the Eastern Asiatic 
species of the “autwmnalis” group of subgenus Neotrom- 
bicula which have a single humeral seta on each side. 
Diagnoses and measurements of the larvae, together with 
figures and locality records, are given for 7. nagayoi 
Sasa et al., 7. talmiensis Schluger, and the new species 

During the course of biological and systematic 
studies on Korean chiggers as suspected vectors of 
hemorrhagic fever, a wide range of variability was 
noted in the larvae of Trombicula (Neotrombicula) 
nagayot Sasa et al., 1950. When Lipovsky (personal 
communication, 1955) examined laboratory-reared 
nymphs, he found two forms which appeared grossly 
different. Preliminary studies of the larval skins 
of these nymphs by the author revealed morphologi- 
cal differences which were correlated with each of 
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Walter Reed Army Institute of Research, Walter Reed Army 
Medical Center, Washington, D. C. Accepted for publication 
November 21, 1960. 
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T. gardellai and 7. southardi, which are the four mem 
bers of the complex known from central Korea. These 
four forms are keyed together with 7. japonica Tanaka 
et al. and 7. dubinini Schluger, the other two members 
of the “autumnalis” group known to occur there. 


the two nymphal forms. This led to intensive studies 
on the larvae of the “nagayoi” complex and to the 
discovery of two undescribed species, 7. gardellai 
and 7. southardi. 

These studies were undertaken at the Department 
of Entomology, Walter Reed Army Institute of Re- 
search. The larvae of this complex were initially 
sorted from the other Korean chiggers by Mr. Gor- 
don March and Miss Mary Lou Morrow during 
1954 and the first part of 1955. 

The author is indebted to Dr. Marshall 
Mr. Louis Lipovsky, and Dr. Henry S. Fuller 
their helpful criticism, Ist Lieutenant J. Knox Jones, 
Jr. for identification of most mammaliam hosts, Mr. 
Thomas Evans for aid in illustrations, and Pfc. Vic- 
tor Jurczenko for necessary Russian translations. 


Hertig, 
for 
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The material was collected by the personnel of the 
Field Unit of the Commission on Hemorrhagic Fever. 
The chiggers were preserved in 70% to 80% ethyl 
alcohol and mounted in a mixture of polyvinyl alcohol 
and lacto-phenol (Lipovsky 1953). The microscopic 
studies were made with a phase-contrast microscope. 
With few exceptions, the scutal measurements were 
made on unengorged to slightly engorged specimens. 
All measurements that follow are in micra. 


TAXONOMY 

The “nagayot” complex includes those species of 
the autumnalis group (subgenus Neotrombicula) 
which have but a single pair of humeral setae and 
occur in Eastern Asia. These species appear to bear 
a close relationship to Trombicula (Neotrombicula) 
autumnalis (Shaw, 1790), the common pest chigger 
in England and continental Europe. While 7. autum- 
nalis commonly attacks man and produces itching, 
none of the species of the “nagayoi” complex have 
been reported from man. 

The autumnalis group was defined by Brennan and 
Wharton (1950: 156) to include those species of the 
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species name, 7. talmiensis, because the description, 
the scutal illustration, and the occurrence of this 
chigger in Korea were in accord with my findings. 

Taxonomically important larval characters of this 
complex are summarized in the tables. Although most 
of these characters show some overlapping among 
certain of the four species, combinations of characters 
serve to distinguish each one of them. Structures of 
particular diagnostic importance in this complex in- 
clude the branched or nude condition of the galeal 
setae, scutal characteristics, numbers of setae in the 
first and second posthumeral rows, and leg measure- 
ments. 

The terminologies and scutal measurements pro- 
posed by Wharton et al. (1951) are followed. In ad- 
dition, the scutal depth or SD (= ASB + PSB) 
and the ratio PL/AP are used. The leg measure- 
ments include the lengths of tarsala spur) I 
and II, proximal tibiala II, and tarsus III. Body- 
size measurements were made on unengorged or 
slightly engorged individuals. The holotypes and 
most paratypes will be deposited at the United States 
National Museum (USNM), Washington, D. C. 


eo 


Table 1.—Variation in the number of setae in the first and second posthumeral rows of the “nagayoi” complex 


of central Korea. 


Setae in first posthumeral row 


Specimens 


examined 9 8 


>10 10 


Species 


nagayot 
gardellai 
talmiensis 
southardi 


subgenus Neotrombicula having a single mastitarsala 
on leg III, but does not exclude those with a masti- 
femorala and mastitibiala. However, Kardos (1954, 
table 1) and Audy (1954: 145, table) considered this 
group to include only those species with the single 
mastitarsala as the only long nude seta on leg III. 
This excludes those species with either a mastitibiala 
or both a mastitibiala and a mastifemorala. 

Four species of the autumnalis group were pre- 
viously reported from Korea: 7. japonica Tanaka 
et al., 1930, and 7. nagayoi were reported by Jameson 
and Toshioka, 1954; T. dubinini Schluger, 1955, and 
T. talmiensis Schluger, 1955, were reported by the 
One species, T. ichikawai Sasa, 1952, is 
from Japan. Of these chiggers, T. 
dubinini are not members of the 


describer. 
known only 
japonica and T. 
“nagayot” complex. 

The description of the two species reported by 
Schluger (1955) included an illustration of the scu- 
tum, a brief description in a key, and host and 
locality records. No types were designated and scutal 
measurements were not given. Although none of 
Schluger’s specimens were seen, I have used her 


Setae in second posthumeral row 


7 6 >10 10 9 


Percent of individuals examined 
17 3 0 0 
4 93 Q 
28 18 0) 
0 0 


KEY TO THE LARVAE OF THE “autumnalis” 
GROUP, SUBGENUS WNeotrombicula, OF KOREA 


Two humeral setae on each side; dorsum with less 
than 38 setae 
One humeral seta on each side; dorsum with less 
than 50 setae (“nagayoi” complex ) 3 
Galeal setae branched* dubinini 
Galeal setae usually nude® japonica 
Tarsus II more than 85 long; second posthumeral 
row composed of 9 to 13 setae; dorsal setae ar- 
ranged irregularly; SD 65-74 southardi 
Tarsus III less than 85 long; second posthumeral 
row composed of 5 to 8 setae; dorsal setae ar- 
ranged in distinct patterns; SD 46-63 4 
Galeal setae branched (rarely nude) ; PL/AP 2.17- 
2.84; PL 58-74 talmiensis 
Galeal setae nude (rarely branched) ; PL/AP 1.58- 
2.20; PL 44-61 5 
First posthumeral row composed of six (rarely 
seven or eight) setae; AW 63-70, PW 79-88, AP 
24-29, SD 46-57, PL 44-54 gardellai 
First posthumeral row composed of 7 to 10 (rarely 
6) setae; AW 68-77, PW 86-98, AP 28-33, SD 
55-61, PL 49-61 nagayoi 


% This distinction is based on comparisons of the descriptions 
of T. dubinini by Schluger (1955) with those of 7. japonica by 
Jameson and Toshioka (1954). 
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Trombicula (Neotrombicula) nagayoi Sasa et al. 
Figures 9, 12 
Trombicula nagayot Sasa et al., 1950, Tokyo Iji Shinshi 
67(12) : 14. 


Trombicula (Neotrombicula) mnagayoi, Wharton and 


Fuller, 1952, Mem. Ent. Soc. Washington No. 4: 59. 
?Tragardhula (sic) nagayoi, Womersley, 1952, Rec. 

South Australian Mus. 10: 424. 
Tragardhula nagayoi, Radford, 

44(3,4): 262. 

Diagnosis.—Galeal setae nude (rarely branched). 
Dorsal setae barbed, arranged in distinct patterns. 
First posthumeral row composed of 7 to 10 setae 
(rarely 6), second posthumeral row composed of 6 
to 8 setae. Sensillary bases usually anterior to (sel- 
dom on line with) bases of posterolateral setae. 
PL/AP 1.60-2.03, PW 86-98, AW 68-77, AP 28-33, 
PL 49-61, SD 55-61. Tarsus III 68-77. Color in life 
orange-red. 

Geographic distribution—Japan: 
Honshu. Central Korea. 

Type Data—(Sasa and 1954: 280). 
Japan, Yamanaka, Yamanashi Prefecture, A podemus 
Speciosus. Type deposited at Institute of Infectious 
Diseases, University of Tokyo. 

Study Material—Tae-gol, 5 
Ch’orwon. 22 specimens as follows: 
Apodemus agrarius; 21 (WR 235-2 
nomys rufocanus; all 7 October 1953. 

Hill 1468° (Mae-bong), 8 mi. N., 12 mi. W. 
Ch’unch’on, 4500-4800 feet. 38 specimens as follows: 
11 (WR 192-202) Eutamias sibiricus: 13 (WR 166- 
174, 188-191) Sciurus vulgaris: 12 (WR 175-186) 


1954, Parasitology 


and 


Hokkaido 


Jameson, 


tos: +S... 7 - ee 
(WR 234) 
5) Clethrio- 


1 


Table 2.—QOccurrence of branching in certain of the 
gnathosomal setae of the “nagayoi” complex from cen- 
tral Korea (expressed as percent of specimens examined). 


Number 
examined 


NNe@ BN@ BBe 


nagayow” from 
Tae-gol 
Korean Central 
Natl. Forest 
Hill 1468 
jardellai” from 
2 mi. N 
Korean Central 
Natl. Forest 
Hill 1468 


talmiensis 


Pammol 


southardi 


aNN = both setae nude; BN = one branched, the other nude; 


BB = both branched 

» Both T. 
ferences in the 
seta when the 


considerable dif- 
lateral tibial 
compared. 


nagayoi and T. gardellai showed 
percent of specimens with branched 
samples from the localities listed were 
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Garrulus glandarius; one (WR 203) Tarsiger cya- 
nura; one (WR 187) Sitta europaea; all October 
1954. 

Korean Central National Forest. 30 specimens as 
follows: two (WR 207-208) Apodemus peninsulae ; 
25 September 1953; Eutamias sibiricus, three (WR 
204-206) 5 September 1953, 19 (WR 215-233) Oc- 
tober 1954; five (WR 210-214) Sciurus vulgaris, 
16 September 1954; one (WR 209) Garrulus glan- 
darius brandtii, 25 September 1953. 

Japan, Honshu, Kyoto prefecture, Hanase. Two 
specimens (K4400, K4398) collected and determined 
by E. W. Jameson, Jr., Apodemus speciosus, 22 Sep- 
tember 1952. 

Remarks.—The occurrence in Korea of T. 
was reported by Jameson and Toshioka (1954: 22) 
and Sasa and Jameson (1954: 80). Jameson and 
Toshioka (ibid. ) reported five specimens collected 
2 mi. S.E. Yonch’on from Apodemus agrarius; the 

indicated that at 
nagayot. The holo- 


nagayou 


diagnosis and the measurements 
least one of the specimens was T. 
type scutal measurements (in microns) were reported 
by Sasa and Jameson (1954) as follows: AW ; 
PW 89, SB 30, ASB 27, PSB 29, AP 31, AM 45, 
AL 41, PL. 3/. SD 
was calculated as 56 and PL/AP as 

The number of body setae of five chiggers taken 
from a host ranged from 64-66 setae and the sizes 
were 273-303 by 183-209. A single unengorged chig- 
ger from a soil sample was 273 by 183. 


From these measurements the 
J3. 


Comparisons of Japanese with Korean specimens 
yielded no significant differences. In separating this 
species from 7. talmiensis, the ratio PL/AP and the 
nude or branched condition of the galeal setae were 


found useful. 1 
bly 


branched lateral palpal tibial seta varied considera 


among the three localities studied (table 2). 


The percentage of specimens witl 


Trombicula (Neotrombicula) gardellai, new 
species 
Figures 1 to 4, 12 

Diagnosis—Galeal setae nude (rarely branched). 
Dorsal setae barbed, arranged in distinct patterns. 
First posthumeral row composed of 6 (rarely 5, 7, 
or 8) setae; second posthumeral row cc posed of 6 
(rarely 7) setae. Sensillary bases anterior to (rarely 
on line with) the bases of the posterolateral setae. 
PL/AP 1.58-2.20, PW 79-88, AW 63-70, AP 24-29, 
PL 44-54, SD 46-57. Tarsus III 63-71. Color in 
life pink (one specimen was yellow). 

Geographic distribution—Central Korea. 

Description of holotype larva——Body (unengorged 
specimen) length 251, width 173. Eyes two on each 
side, subequal. 

Gnathosoma.—Palpal 
femur and genu 
seta; tibia with 
single branch, 


seta ; 
branched 
with 


with feathered 
single dorsal 
nude, lateral 
feathered; tarsus 
feathered 


coxa 
each with 


dorsal- seta seta 


seta with 


and 


ventral 


tarsala, subterminala, seven setae. 


Galeal setae nude. 


Legs—Leg I: coxa, trochanter, basifemur each 
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Fics. 1-4.—T. gardellai, n. sp. (holotype). Fic. 1—Body and legs; dorsal view of body on the left, 
ventral view on the right, with the legs showing all nude setae and the bases of the feathered or 
plumose setae. Fic. 2—Scutum. Fic. 3.—Papal tarsus, ventral aspect. Fic. 4—Gnathosoma, dorsal 
aspect. 
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Fics. 5-8.—T. southardi, n. sp. (holotype). Fic. 5—Body and legs; dorsal view of body on the left, ventral 
view on the right, with the legs showing all nude setae and the bases of the feathered or plumose setae. Fic. 6 
Scutum. Fic. 7—Palpal tarsus, ventral aspect. Fic. 8—Gnathosoma, dorsal aspect. 





—— 
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Fic. 9.—T. nagayoi, scutum (slide WR 166, Hill 1468). Fic. 10—T. talmiensis (slide WR 73, 
Hill 1468). Fics. 11-14—Dorsal setae of the first posthumeral rows: Fic. 11, 7. gardellai; Fic. 12, 


T. nagayoi; Fic. 13, T. talmiensis; Fic. 14, T. southardi. 
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Fics. 15-22.—T. talmiensis (slide WR 149, Yangwon-ni). Fries. 15, 16—Dorsal and ventral views, respectively, 
of body and legs. Fics. 17 to 19.—Legs I to III, respectively, showing the nude setae on the genu, tibia, and 
tarsus. Fic. 20—Scutum. Fics. 21, 22—Dorsal and ventral aspects, respectively, of gnathosoma. 
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with one feathered seta; telofemur with five feathered 
setae; genu with three genualae, microgenuala, and 
four feathered setae; tibia with two tibialae, micro- 
tibiala, and eight feathered setae; tarsus with tarsala 
(length 16), microspur, parasubterminala, subtermi- 


nala, pretarsala and 21 feathered setae. Leg II: coxa 
and trochanter with one feathered seta each; basi- 
femur with two feathered setae; telofemur with four 
feathered setae; genu with one genuala and three 
feathered setae; tibia with two tibialae (proximal 
tibiala length 11) and six feathered setae; tarsus with 
tarsala, microspur, pretarsala, and 16 feathered setae. 
Leg III: coxa and trochanter with one feathered seta 
each; basifemur with two feathered setae; telofemur 
with three feathered setae; genu with genuala and 
three feathered setae; tibia with tibiala and six 
feathered setae; tarsus (length 68) with mastitarsala 
and 14 feathered setae. 

Scutum.—Posterior margin shallow, broadly round- 
ed. Puncta moderately numerous. Sensillary bases 
distinctly anterior to the bases of the posterolateral 
setae. One sensilla with eight branches, other broken. 
Scutal measurements: AW 67, PW 84, SB 24, ASB 
25, PSB 22, SD 47, AP 27, AM 36, AL 36, PL 49, 
S 69. 

Setae.—Dorsal body setal formula is 2-7-6-2-6-4-4-2 
(two of the seven setae of the first posthumeral row 
are arranged much closer together than the other 
setae, almost all paratypes begin 2-6-6 etc.) ; ventral 
setae 2-2-28 ; total body setae 65. Dorsal setae barbed ; 
measurements as follows: humeral seta 47, median 
seta of first posthumeral row 41, second posthumeral 
row 34. 

Type material—Holotype and 30 paratypes from 
2 mi. N. Pammol, 14 mi. S., 3 mi. W. Ch’orwon as 
follows: holotype, USNM No. 2238, slide no. WR 1, 
field No. L530916-6, collected 16 September 1953, 
and 26 paratypes (WR 5-30) Apodemus agrarius, 
two paratypes (WR 3-4) Apodemus sp., one para- 
type (WR 31) Clethrionomys rufocanus, all col- 
lected 16 and 17 September 1953; one paratype (WR 
2) Apodemus agrarius, 25 July 1953. 

Hill 1468 (Mae-bong) 8 mi. N., 12 mi. W. 
Ch’unch’on. 17 paratypes as follows: two (WR 32- 
33) Apodemus agrarius, 4,500 to 4,800 ft., 8 Sep- 
tember 1953; three (WR 46-48) Apodemus agrarius, 
nine (WR 34-40, 42-43) Apodemus peninsulae, three 
(WR 41, 44-45) Clethrionomys rufocanus, all 3,000 
to 4,000 feet, 10 September 1953. 

Korean Central National Forest. 24 paratypes as 
follows: one (WR 68) Apodemus peninsulae, 25 
September 1953; Eutamias sibiricus, 19 (WR 49-67) 
5 September 1953, one (WR 69) 25 September 1953; 
three (WR 70-72) Sciurus vulgaris, 16 September 
1954. 

Remarks.—This closely resembles the 
Japanese chigger T. Although specimens 
of T. ichikawai were not seen, comparisons of the 
illustrations and scutal measurements by Sasa (1952, 
figs. 1 and 2, table 1) with those of T. gardellai 
indicate a close relationship. 


spec i es 
ichikawat. 
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These two species differ in the measurements of 
the scutum and scutal setae. The ranges are as fol- 
lows: T. gardellai (30 specimens), AW 63-70, PW 
79-80, AL 36-45, PL 45-53, and S 60-71: T. ichikawat 
(4 specimens, Sasa 1952) AW 59-62.5, PW 75-78.5, 
AL 32.5-35, PL 43-45, S 50-55. 

Of the Korean species, T. gardellai most closely 
resembles 7. nagayoi. Indeed, occasional specimens 
can be allocated to one or the other species only with 
careful regard to the combination of characters pre- 
sented in the key and diagnosis. 

The number of body setae of five specimens re- 
moved from a host were 63-69 and the body sizes 
were 251-268 by 173-194. Three unengorged speci- 
mens from the soil were 213-251 by 161-171. This 
was the smallest chigger of the “nagayoi” complex. 

Although the various measurements of 7. gardellai 
are generally smaller than those of T. nagayor, the 
mean length of spur II of the former species (15) 
exceeds that of the latter (13). The variations in 
the branching of the lateral tibial setae are similar 
to those exhibited by 7. nagayoi (table 2). 

This species is named for Corporal Raymond 
Gardella, who returned to duty with the Field Unit 
in 1953 after from a f 
hemorrhagic fever. 


recovering severe case of 


Trombicula (Neotrombicula) talmiensis Schluger 
Figures 10, 13, 15 to 22 


Trombicula talmiensis Schluger, 1955, in Bregetova et al., 


Akad. Nauk SSSR Determinations of the fauna, ser. 
no. 59, ziz. 


Diagnosis—Galeal setae branched (rarely nude). 
Dorsal setae barbed, arranged in distinct patterns. 
Second posthumeral row composed of 6 to 8 setae. 
Sensillary bases on line with or posterior to bases 
of the posterolateral setae. PL/AP 2.17-2.84, PL 
58-74, SD 58-63. Tarsus III 72-84. Color in life 
orange-red. 

Geographic distribution.—Central and north Korea. 
Coastal areas of eastern (or only the maritime ter- 
ritories of southeastern) Siberia. 

Description of larva (slide WR 73, Hill 1468)— 
Body (unengorged specimen) length 318, width 213. 
Eyes two on each side, subequal. 

Gnathosoma.—Chaetotaxy as T. gardellai with the 
palpal tibia with one dorsal 
lateral branched. 


following exceptions: 
seta nude, other branched, 
Galeal setae branched. 

Legs.—Chaetotaxy as 7. gardellai. Lengths: tar- 
sala I 20, tarsala II 17, proximal tibiala II 18, tar- 
sus III 79. 

Scutum.—Posterior margin moderately deep, some- 
what angular. Puncta numerous. 
posterior to the bases of the posterolateral setae. One 
sensilla with four branches, other missing. Scutal 
measurements: AW 77, PW 96, SB 35, ASB _ 30, 
PSB 30, SD 60, AP 27, AM 45, AL 45, PL 65. 

Setae.—Dorsal body setal formula is 2-8-6-7-6-11; 
ventral setae 2-2-34; total body setae 78. Dorsal setae 
humeral seta 68, 


setae 


Sensillary bases 


barbed; measurements as follows: 
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Table 3—Summary of measurements (averages, with ranges in parentheses) of the “nagayot” complex of central 


Korea. Measurements in microns. 


gardellai 
n=30° 


nagayot 
n=30" 


Aw (68-77 ) 66 (63-70) 
Pw (86-98 ) 83 (79-88) 
SB 33 (29-35) 29 (24-31) 
ASB (26-31) 25 (23-28) 
PSB (28-33) 25 (22-28) 
SD 59 (55-61) 51 (46-57) 
AP 31 (28-33) 27 (24-29) 
AM (39-47 ) 39 (36-42) 
AL (38-45) 39 (36-45) 
PL 55 (49-59) (45-53) 
= (69-83 ) (59-71) 
H 55 (50-61) (46-55) 
(43-53) 44 (39-47) 
Tarsala I (14-18) (15-18) 
Tarsala II (11-15) 15 (13-17) 
Proximal tibiala II 12 (10-13) 11 (10-13) 
Tarsus III 71 (66-68) 67 (63-71) 


First row 


1.88 
(1.58-2.20) 


PL/AP ratio 1.81 
(1.60-2.03 ) 


a Because of differences found in the means of certain measure- 
ments, specimens of 7. talmiensis from Hill 1468 are tabulated 
apart from those from other localities. 

b Number of specimens measured (except for sensillae). 


median seta of first posthumeral row 53, second 
posthumeral row 51. 

Type data.—None. 

Study material—Yangwon-ni, 19 mi. S., 10 mi. 
W. Ch’orwon. One specimen (WR 149) Apodemus 
agrarius, 17 October 1953. 

2 mi. N. Pammol, 14 mi. S., 3 mi. W. Ch’orwon. 
30 specimens (WR 104, 106-121, 123-135) Apodemus 
agrarius, 16-17 September 1953. 

Hill 1468 (Mae-bong), 8 mi. N., 12 mi. W. 
Ch’unch’on 4,500 to 4,800 feet (unless otherwise in- 
dicated). 33 specimens as follows: Clethrionomys 
rufocanus, 11 (WR 73, 75-84) 28 October 1953, four 
(WR 99-101, 103) 21 October 1954; eight (WR 
92-98, 122) Eutamias sibiricus, 17 October 1954; one 
(WR 74) Rattus rattus (3000 to 4000 feet), 10 Sep- 
tember 1953; five (WR _ 85-89) Sciurus vulgaris, 
2 October 1954; two (WR 90-91) Garrulus glan- 
darius, 17 October 1954; two (WR 102, 105) Tar- 
siger cyanura, 21 October 1954. 

Korean Central National Forest. 13 specimens as 
follows: three (WR 136-138) Apodemus peninsulae, 
25 September 1953; one (WR 141) Clethrionomys 
rufocanus, 31 October 1953; Eutamias sibiricus, two 
(WR 139-140) 25 September 1953, 7 (WR 142-148) 
October 1954. 

Remarks.—The usual branched condition of the 
galeal setae, the PL measurements, and the ratio 
PL/AP distinguish 7. talmiensis from T. gardellai 
and 7. nagayoi. (See couplet 4 of the key). 


talmiensis* 

southardi 
Hill 1468 n=14-16° 
n=10° 


Natl. Forest 
n=20» 


(/2- /9) 


(93-100) 


“I 
nt 


(72-80) 78 (75-80) 
(87-96) 95 (91-97) 
(31-37) 34 (31-35) 
(27-32) 32 (30-35) 
(23-30) (24-30) 
(53-62) 61 (58-63) 
(24-29) 27 (24-29) 
(42-51) (44-53) 
(39-51) (43-48 ) 54 

(58-71 (63-68 ) 66 

(73-85) (76-86 ) 89 
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(43-54) (52-55) 61 (57- 
(17-20) 
(15-17 
(14-17 
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(18-20) 23 (21- 
(16-18) 20 (16- 2 
(15-18) 14 (13- 
(78-84) 94 (91- 


1.90 
(1.71-2.12) 


2.44 


(2.27-2.70) 


4 


2 6 
(2.17-2.84) 


¢ Sensillae were measured on 23 magayoi, 19 gardeliai, 13 tal- 
miensis from National Park, 6 talmiensis from Hill 1468, 


southardi. 


and 9 


The number of body setae of five individuals from 
a host ranged from 70 to 78 and the body sizes were 
309-330 by 206-224. Three unengorged specimens 
from the soil ranged from 301-318 by 206-232. This 
species was larger than 7. nagayoi. 

Schluger (1955: 212) reported 7. talmiensis as 
occurring in North Korea and widely distributed 
in the coastal areas of (eastern) Siberia, where seven 
localities were given as follows:* Tal’mi, a lake 75 
mi. SW. Vladivostok; Sitsa; Tamga, 189 mi. NNE. 
Vladivostok; Vvedenka; Slavyanka (two in eastern 
Siberia) probably 37 mi. SW. Vladivostok; Bara- 
bash, 20 mi. W. Vladivostok; and Tigrovaya (Ti- 
grovoi or Tigrovoy’), 38 mi. E. Vladivostok. 


Trombicula (Neotrombicula) southardi, new 
species 
Figures 5 to 8, 14 
branched. 
Second 


Diagnosis—One or both galeal setae 


Dorsal setae bushy, arranged irregularly. 

B § § : 
posthumeral row composed of 9 to 13 setae. Sensil- 
lary bases on line with or slightly anterior to the 


4Transliterated from the original Russian according to the 
Transliteration Manual, 1951, Foreign Broadcast Information 
Service, Washington, D. C. Locations from the Columbia-Lippin- 
cott Gazetteer of the World, 1952, Columbia University Press, 
and Atlas, SSSR, 1955, Glavonoye Upravlenye Geodezii Karto 
grafii, MVD SSSR, Moskva. Sitsa could not be located, and 
no locality called Vvedenka was listed for the coastal areas of 
Siberia. 

5 The spellings indicated in parentheses were obtained from 
the Gazetteer, and transliterated from the Atlas SSSR 
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bases of the posterolateral setae. SD 65-74. Tarsus 
III 91-99. Color in life unknown. 

Geographic distribution—Central Korea. 

Description of holotype larva-——Body (unengorged 
specimen) length 344, width 220. Eyes two on each 
side, subequal. 

Gnathosoma.—Chaetotaxy as 7. gardellai with the 
following exceptions: dorsal seta of one palpal tibia 
nude, other obscure; one of the lateral setae branched, 
other obscure. One galeal seta branched, other nude. 

Legs.—Chaetotaxy as 7. gardellai. Setae are 
markedly longer. Lengths: tarsala I 22, tarsala IT 
20, proximal tibiala II 14, tarsus III 93. 

Scutum.—Posterior margin deep, broadly rounded; 
puncta numerous. Sensillary bases on line with or 
slightly anterior to bases of posterolateral setae. One 
sensilla with 10 branches and 4 barbs, other obscure. 
Scutal measurements as follows: AW 74, PW 93, SB 
32, ASB 34, PSB 35, SD 69, AP 33, AM 61, AL 
56, PL 66, S 85. 

Setae——Dorsal body setal formula is 2-10-10+22, 
arranged irregularly; ventral setae 2-2-46; total body 
setae 94. Dorsal setae bushy; measurements as fol- 
lows: humeral seta 75, median first post- 
humeral row 61, second posthumeral row 51. 

Type material—Holotype and eight paratypes 
from Yangwon-ni 19 mi. S., 10 mi. W. Ch’orwon as 
follows: holotype USNM No. 2240 (slide no. WR 
150, field No. L540331-6) Crocidura lasiura, 31 
March 1954; one paratype (WR 160), Clethrionomys 
rufocanus, 30 March 1954; two (WR 157-158) Croci- 
dura lasiura, 17 February 1954; three (WR 161-163 
Crocidura suaveolens, 30 March 1954; (W 
) Rattus norvegicus, 21 March 1953; one (W 
) host unknown, 3 May 1953. 
5 mi. S., 7 mi. E. Ch’orwon. Two para- 
Clethrionomys rufocanus, one (WR 


sets of 


one 
LSZ 
155 


lae-gol, 


types as follows: 
] 


\pril 1953, one (WR 154) 15 April 1953. 


53) 7 
3-5 mi. E. Kumhwa. One 

Apodemus agrarius, 10 January 1953. 
Taegwang-ni, 6 mi. S., 4 mi. W. Ch’orwon. 

(WR 159) Micromys minutus, 27, March 


(WR 151) 


paratype 


One 
paratype 
1954. 
Korean Central National Forest. Two paratypes 
one (WR 165) Eutamias sibiricus, 18 
\pril 1954; one (WR 164) shrew, 16 April 1954. 
Near Sangbonch’on-ni, 8 mi. S., 15 mi. E. Seoul. 
One paratype (WR 156) Clethrionomys rufocanus, 
22 December 1953. 
Remarks.—This species is the most distinct of the 


as follows: 
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“nagayot” complex. The irregular arrangements of 
the numerous dorsal setae tend to obscure the setal 
pattern. These setae are more distinctly bushy when 
compared to the others of the complex (compare 
figs. 11-14). One or both galeal setae were branched. 
The larger scutum, setae, tarsus III, and body size 
further characterize this species. 

Although the measurements of 7. southardi are 
generally larger than those of 7. talmiensis, the 
means of the proximal tibiala II of the former (14) 
is smaller than that of the latter (16). 

The number of body setae of five specimens from 
a host ranged from 90-101 and the sizes were 332- 
403 by 200-280. This was the largest of the “nagayoi” 
complex. 

This chigger is named for Corporal William 
Southard, formerly with the Field Unit, 1952-1953, 
who returned to duty after recovering from hemor- 
rhagic fever. 
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Biology of Cuterebra jellisoni (Diptera: Cuterebridae) on Lepus californicus 
deserticola (Lagomorpha: Leporidae)’ 


CARLO M. IGNOFFO? 


ABSTRACT 


In the Great Salt Lake Desert region of Tooele County, 
Utah, adults of this warble fly were collected from field 
cages from May 14 to June 1. The life span of females 
averaged 10 days, of males 6 days, in the laboratory; 
eggs were 2 days after mating, and 


deposited 2 to 3 
hatched 5 to 6 days after oviposition. The larval stage 
5 


within the host lasted about 55 days; newly hatched lar- 


The seasonal life history of a rabbit warble, 
Cuterebra jellisoni Curran,’ was studied in the south- 
ern part of the Great Salt Lake desert of Tooele 
County, Utah, in investigations conducted from June 
1955 to August 1956. Practically nothing was known 
about the general habits of this fly, and especially re- 
garding its manner of infesting jack rabbits. Obser- 
vations recorded here should aid subsequent workers 
in directly establishing the mode and route of infes- 
tation. 

The natural host of C. jellisoni in this region is 
the black-tailed jack rabbit, Lepus californicus deser- 
ticola Mearns. Most of the rabbits used in this study 
stabilized sand dunes and foot- 
Sacrobatus vermiculatus 
saltbush, Atriplex 
Cuterebra 


from 
gereasewood, 
and 


were collected 
hills where 

( Hor yk. ) Torr., 
canescens (Pursh.) 
jellisoni was the dominant species found on the rab- 
bits, though C. Austen collected 


occasionally. 


four-wing 
grow in abundance. 


ruficrus was also 


AGE AND LOCATION OF LARVAE ON RABBITS 


Larvae of C. jellisoni were found mainly on the 
face and the top of the rabbit’s head, directly in front 
of the ears, but occasionally a larva was recovered 
from the rump (2 of 123 infested jack rabbits). In 
Arizona, Voorhies and Taylor (1933) found the 
warbles on black-tailed jack rabbits evenly divided be- 
tween the head and the rump, but recovered most of 
the Cuterebra larvae on the antelope jack rabbit, 
Lepus alleni Mearns, from the rump. Infestation by 
Cuterebra horripilum Clark on the eastern cotton- 
tail, Sylvilagus floridanus (Allen), was found by 
Geis (1957) to be restricted to the throat and neck. 

Some 107 larvae were recovered from 250 rabbits 
collected on August 3, 1955. These were separable on 
the basis of size and color into three distinct groups 
which probably represented the second to the fourth 
) classed 20 as third, and 
Other authors also have noted 


instars, with ‘ as second, 


78 as fourth instars. 

‘This work was supported by U. S. Army Chemical Corps 
Contract No. DA-18-064-CML-2639, with the University of Utah. 
Ecological and Epizoological Research Contribution No. 50. <Ac- 
cepted for publication October 28, 1960 

“ Formerly stationed at Dugway, 
Agricultural Research Service, 


Utah, U. S. Army. Present 
address U.S.D.A., Brownsville, 
Texas 

‘Adult Cuterebra were identified by C. W. 
Entomolory Research Division. Insect Identification and 
site Introduction Research Branch, U.S.D.A. 


Sabrosky, of the 
Para- 
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vae survived without hosts only 2 to 6 days. Larvae were 
found associated with rabbits from May 18 to August 
16; the earliest and latest dates of their exit from rabbits 
were July 20 and August 16, respectively. Mature larvae 
pupated in the soil 2 to 3 days after they left their hosts 
and the duration of the pupal stage in the soil averaged 
294 days. 


the presence of several stages of warbles on rabbits. 
Philip et al. (1955), working with C. jellisoni and 
C. ruficrus on the black-tailed jack rabbit in Nevada, 
reported that “all larval instars could be found 

. including young larvae;” but they did not men- 
tion the frequency of each stage or the manner in 
which the instars were distinguished. Voorhies and 
Taylor (1933) recorded 13 large and 3 young warbles 
from one antelope jack rabbit in Arizona—the highest 
individual infestation ever recorded on rabbits. The 
maximum found in the present study was 12 larvae 
on one host collected in August 1955. 


MULTIPLE INFESTATIONS 


To determine the frequency of multiple infestations, 
68 black-tailed jack rabbits collected on July 16, 1956, 
were carefully examined for larvae and 46 of them 
(68%) were found to be infested. Of the 68 rabbits, 
16% had one, 16% had two, and 16% had three lar- 
vae; there were 10% with four, 3% with five, 2% 
Of the 46 infested rab- 


Simi- 


with 
six, and 4% with nine larvae. 
bits, 70% had from one to three larvae each. 
lar infestation patterns—a large percentage of rab- 
bits with few larvae each versus a small percentage 
with many larvae—were reported by Philip et al. 
(1955) and by Geis (1957). 

Voorhies and Taylor (1933) reported 31% parasit- 
ism on antelope jack rabbits and 50% on black-tailed 
jack rabbits. Geis (1957), working with Cuterebra 
horripilum on Sylvilagus floridanus “during periods 
infestations of 


1953, re- 


incidence,” reported 
1951, 1952, 


larval 
and 40% tor 


of high 
76%, 38%, and 
spectively. 

Relation Between IWWarble Infestations and Rabbit 
Body Weight—In table 1 these same 68 rabbits are 
classifed according to their body weights and the 
degree ot Cuterebra infestation is 
weight group. Except in the lightest and the heaviest 
classes, each of which included only a single rabbit, 


giv en for each 


the highest percentage of infestation (16 out of 17 
rabbits, or 94% ) found in 
3 to 4 pounds, and the average infestation in the 
this one was about 59%. 


was the class weighing 
classes above and below 


The period when ovipositing Cuterebra females 
were present in the field (from May 10 to June 20) 
coincided with the period of young jack rabbit de- 


velopment as reported by Woodbury (1955). Thus 
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the rabbits weighing 2 to 5 pounds in August proba- 
bly had been exposed to infective-stage larvae earlier 
in the season. The data in table 1 support this con- 
clusion, as they show for each weight group a fairly 
close agreement between the percentage of the total 
rabbits falling in the group and the percentage of 
the total number (46) that were found to be infested. 
The individual high of five larvae on the heaviest rab- 
bit of all may also reflect this relationship, if it can 
be assumed that heavier rabbits are older ones that 
were exposed over the entire infective period. 


Table 1—Relationship between rabbits’ body weight 


and parasitism by Cuterebra jellisont. 


H« sts 
parasitized 


Hosts 
examined 
Body 
weight 
(Ib. ) 


Avg. No. 
of larvae 
per host 


Per- 
cent 
ot 
total 


be 
0.0 
13.0 
35.0 
37.0 
10.9 
2.2 


Under 1.00 
1.01-2.00 
2.01-3.00 
3.01-4.00 
4.01-5.00 
5.01-6.00 
Over 6.00 
Totals 


wu 
ow 
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HYDROTROPIC RESPONSES OF Cuterebra LARVAE 


The burrowing behavior of mature larvae prior 
to pupation has been observed by Beamer et al. 
(1943), Gregson (1950), and Rosasco (1957). How- 
ever, little is known about soil condition as related 
to the final level of pupation. Laboratory observations 
suggested a possible response to wet soil on the part 
of the larvae, and on this premise preliminary tests 
were run to determine the relationship, if any, be- 
tween soil moisture and larval penetration. 

The experiments were conducted in triplicate sets 
of 8-inch test tubes containing 2 ml., 5 ml., and 25 
ml. of water, respectively. Dry sand was poured 
into each tube, and a mature Cuterebra larva was 
placed on top of the sand. In six of the nine tubes the 
larvae burrowed until moist sand was reached, then 
pupated; in three instances there were repeated mi- 
grations past the final pupation level. Larvae in a 
series of tubes placed on their sides pupated at levels 
corresponding to those in upright tubes. The average 
penetration depth was 88 mm. for 2 ml., 65 mm. for 
5 ml., and 29 mm. for 25 ml. of water, but individual 
distances overlapped in the 2 ml. and the 5 ml. series. 

In areas frequented by the black-tailed jack rab- 
bit the soil surface is generally quite dry, but the 
moisture content increases with depth below the sur- 
face. Flowers (1953) measured the soil moisture in 
various plant communities at depths of 1, 12, 24, and 
36 inches. The extremes of moisture percentages re- 
ported for the communities inhabited by the jack 
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shadscale-gray molly, 1.2%-12.3%; 
vegetated sand dune, 0.3%- 


rabbits were: 
greasewood, 2.7%-13.2% ; 


11.1%; juniper brush, 0.7%-6.6%. 
PUPATION 
The duration of the prepupation period was de- 
termined by placing mature, recently emerged larvae 
on moist sand and checking regularly to record the 
number that pupated. These results 
table 2. 


are given in 


Table 2—Pupation (at room temperature) of mature 
larvae of Cuterebra jellisoni which emerged naturally and 
of those dissected from their hosts. 


Emerged naturally Dissected from hosts 


Hours 
after 


emergence No. Percent No. Percent 


24 0 0.0 0.0 
53 45.6 1.0 
76 26.1 10.9 
96 0.5 3 3.0 
110 1.1 1.0 
134 0.5 0.0 
154 0.0 1.0 
Totals 136 73.8 17 16.9 


Of the 184 naturally emerged larvae collected, 136 
(73.8%) eventually pupated. The first larvae to 
pupate did so between 24 and 53 hours after emer- 
gence from the host; the last larvae pupated after 134 
hours. Of those that pupated, the 25%, 50%, and 
75% levels were reached at 34, 48, and 62 hours, 
respectively. 

Larvae also were dissected from hosts to determine 
whether they would pupate under the same conditions 
as larvae which emerged naturally. Only 17 out of 
101 such larvae pupated, and their period of highest 
pupation (table 2) occurred approximately 24 hours 
later than that of larvae which emerged naturally. 
ADULT EMERGENCE, LONGEVITY, AND OVIPOSITION 

To determine the effect of temperature on adult 
emergence, pupae of C. jellisoni were kept in three 
different temperature ranges. These were: room tem- 
cabinet 


perature (range 63°-82°, average 75.8° F.), 
temperature (85°-90°, average 87°), and outside tem- 


perature (29°-66°, monthly average 43.9°). The 
average time required for the production of adults 
was 187 days at cabinet temperature, 264 days at room 
temperature, and 294 days at outside temperature; 
however, the ranges of all three groups overlapped. 
Adults emerged from only 8 of 40 pupae (20%) kept 
at cabinet temperature, from 19 out of 55 (32%) at 
room temperature, and from 5 out of 41 (12%) at 
outside temperature. At the end of the study the 
104 pupal cases were examined from which adults 
had failed to emerge, and only 2 contained living 
Cuterebra. (1957) observed adult C. 
jellisoni emerging from the pupa after only 39 days, 
and found another pupa still alive when dissected 
after 414 days at room temperature. 


Rosasco one 
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Adults reared from pupae were sexed, paired, and 
placed in bell-jar cages at room temperature for 
longevity and oviposition studied. Sexing of adult 
Cuterebra is easily accomplished by measuring the 
distance between the compound eyes, that of the 14 
males studied ranging from 0.13 to 0.16 mm. (aver- 
age, 0.15 mm.) while in 10 females it ranged from 
0.28 to 0.38 mm. (average, 0.34 mm.). 

The life span of the 10 females ranged from 5 to 
11 days (average, 10 days), that of the 14 males from 
3 to 11 days (average, 6 days). Because of the broad 
overlap, these averages may not be significant. 

Eggs were produced by only 2 of the 10 paired fe- 
males studied. One female deposited 40 eggs on the 
wall of the glass cage where she was confined, the 
other laid 12 eggs on her own pupal case. Oviposi- 
tion began approximately 2 days after the adults 
emerged, and was completed during the third day. 
Hatching began 5 to 6 days after oviposition and 
terminated 1 to 2 days later, but only 5 of the 52 eggs 
hatched. host, the larvae died 
within 2 to 6 days. 

Beamer and Penner (1942) reported that eggs of 
a rabbit Cuterebra began to hatch within 4 days. 
Ryckman and Lindt (1954) observed a female of C. 
lepivera Cog. f Sylvilagus audubonii 


In the absence of a 


trom 
sanctidiegi Miller) which laid 242 eggs in a 72-hour 
They also stated that hatching began ap- 
5 days after oviposition, and that the 


( reared 


period 
proximately 
maximum life of recently hatched larvae was “not in 
The largest reported number of 
eggs laid by one female was 1,762, by a rodent Cutere- 
1956), and all of these 


excess of 6 days. 


bra (Penner and Pocius 
hatched within 5 to 9 days. 

Three points concerning hatching and oviposition 
may be significant in interpreting modes of larval in- 
festation by Cuterebra jellisoni. First, the eggs need 
not be laid directly on the host; second, the eggs will 
hatch in the absence of a host; and third, newly 
hatched larvae die within 6 days if they are not able 


to infest a host. 


MODE OF INFESTATION AND SEASONAL LIFE CYCLE 


The manner of infestation of the black-tailed jack 
rabbit by Cuterebra jellisoni is not yet known. The 
following alternatives, or combinations of them, could 
be possibilities: the eggs are laid on vegetation and 
other debris, or they are laid directly on the host; the 
larvae infest the host by penetrating the skin and/or 
the larvae are ingested; and/or the larvae gain ac- 
cess to the host through natural openings. 

The to be laid 
on vegetation and on rocks and other debris, proba- 
bly in the vicinity of rabbit forms, and infestation 
of the host is thought to occur through natural open- 
ings. These assumptions are based upon work with 


eggs of C. jellisoni are believed 


jack rabbits communicated by Rosasco (1957), ob- 
servations by Voorhies and Taylor (1933), and ob- 
servations made during the present study. Other 
studies with Cuterebra indicate that the modes of in- 
festation differ with the cuterebrid species and with 
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the host being infected. Beamer et al. (1943) found 
that eggs of the pack-rat cuterebrid, C. beameri Hall, 
were laid at random on rocks and vegetation in and 
near the entrances of rat nests. Eggs of canine 
Cuterebra are laid directly on the host (Cameron 
1926, Hawden 1915, Crawley 1923). Ryckman and 
Lindt (1954), in their studies on cottontails, showed 
that infestations resulted from oral ingestion of lar- 
vae fed to rabbits but not from larvae applied di- 
rectly to the fur. Beamer and Penner (1942) re- 
ported positive infestation of white rabbits by topical 
application of larvae to the hosts and/or insertion 
of larvae into the nostrils, but it uncertain 
whether positive infestations were obtained by nostril 
In personal correspondence, Pen- 


was 


application alone. 
ner (1958) says that he “suspects the successful in- 
vasion of the three domestic rabbits was via nostril 
insertion,” and that, although he did get two larvae 
to penetrate his own skin, “the nostril entry is un- 
doubtedly the natural method.” Penner and 
(1956) reported that single-nostril entry of a Cutere- 
bra, probably C. fontinella Clark, had resulted in 80% 
infestation, and these authors observed migration of 
newly hatched larvae from external, posterior place- 
ment on the host to the nostrils. Molliet (1950) also 
reported positive infestations with C. tenebrosa Coq. 
by topical application on the back and sides of rats. 

The seasonal life cycle of C. jellisoni on the black- 
tailed jack rabbit in Tooele County, Utah, is presented 
in table 3. The values given there are reflections of 
both field and laboratory observations, as well as pro- 


Pocius 


jected estimates from one stage to the next. 


Table 3.—Seasonal history of Cuterebra 
Tooele County, Utah. 


Calendar dates Number of days 


Duration Seasonal 


Earliest Latest of stage 
May 14 
May 16 
May 21 


July 23 


Adult 
Egg 
Larvae 
Pupa 


June 1 8 


June 8 8 
Aug. 16 55 
May 14 294 
a Host, Lepus californicus deserticola Mearns 
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The Biology and Ecology of Granary Mites of the Pacific Northwest 
Hi. Techniques for Laboratory Observation and Rearing’ 
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ABSTRACT 


Microcells suitable for rearing single specimens of 
granary mites for life history studies were tested, and 
various food substrates were compared in stock cultures 
and individual rearing cells. Difficulties with paper bar- 
riers used as cell covers in preliminary experiments 
prompted trials with electric barriers, and with various 
smooth substances applied to the cell wall which would 
inhibit escape of confined mite specimens. A polytetra- 


Although granary mites are found in virtually 
every grain storage in the United States, very little 
is known of their biology or of their effect on their 
environment. Preliminary observations on farm and 
commercial elevator storages in Oregon, Washington, 
and Idaho have resulted in the recovery of over 60 
species of mites (Krantz 1961), many of which are 
unknown or which have not previously been recorded 
from grain. Aside from purely taxonomic or biologi- 
cal considerations, certain species of granary mites 
have been found to injure grain (Solomon 1946; 
Krantz 1955). A thorough investigation of the bi- 
ology and ecology of the granary mites of the Paci- 
fic Northwest will lead, it is hoped, to a better un- 
derstanding of their economic role in granary situa- 
tions. 

To study the various phenomena associated with 
the biology of granary mites, methods had to be 
devised for confining and rearing these forms in 
such a way that they could easily be observed. In 
addition, means for controlling temperature and rela- 
tive humidity in the rearing container had to be con- 
sidered. The purpose of this paper is to report on 
the laboratory techniques devised for observing and 
rearing granary mites. 
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publication November 18, 1960. 
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in a Ph.D. dissertation at Oregon State College. 
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included 


fluorethylene dispersion, applied as a liquid to the inside 
rims of the rearing cells, gave good results as a barrier 
material. Food preference trials involving Acarus siro 
L., Tyrophagus putrescentiae Schrank, Caloglyphus ber- 
lesei (Mich.), and Leitodinychus krameri Can. indicate that 
most cereal-plaster substrates provide satisfactory media 
for maintenance. Bread placed on a_plaster-charcoal 
substrate was especially favorable. 


A number of methods for rearing mites in the 
laboratory have been developed in the past several 
years. One of the earlier types of rearing cells con- 
sisted of a glass ring cemented to a microscope slide 
and closed at the top by a coverslip (Michael 1901; 
Jacot 1937). Variations of this method were used 
by Sengbusch (1954), Garman (1917), Davis (1944), 
and Rivard (1958). Robertson (1944) cut funnel- 
shaped microcells in 7%-inch fibre or bakelite strips, 
while Hughes (personal correspondence) reared 
granary mites in cells bored into %-inch perspex, 
the floors consisting of a fine silk screen and the lid 
of a coverslip. 

The use of a plaster of paris substrate in mite- 
rearing cells has proven highly satisfactory for many 
acarine species. This material has the advantage of 
being absorbent, escape-proof, and miscible with vari- 
ous food substances. Plummer and Pillsbury (1929), 
Filinger (1931), Lipovsky (1953), and Edwards 
(1955), have described arthropod rearing methods in 
which plaster of paris was utilized. 


METHODS AND MATERIALS 


Several factors must be considered in the construc- 
tion of rearing and observation cells for mite studies. 
Food supply and the control of physical environ- 
mental conditions constitute only a portion of the 
problems encountered in such a project. The small 
size of the organism to be studied, for example, 
necessitates special care in cell construction to pre- 
vent escape. A completely closed cell, however, does 
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not allow for exchange of gases or accurate control 
of humidity. The use of a fine silk or muslin lid 
in place of an airtight cover such as a coverslip 
negates the problem of gas exchange, but creates 
difficulties in observation and manipulation of the 
test organism. Basically, then, the following re- 
quirements must be met in constructing mite rearing 
cells: 
1. Escape-proof design 
2. Allowance for adequate gas exchange between 
the rearing cell and the surrounding atmosphere 
Ease of observation and manipulation 
A suitable nutritional substrate 
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of the test organism to be used, a variation of this 
method was sought in the present study which would 
make observation and confinement of mites feasible. 

Sheets of %4-inch plexiglass were cut into 34x2- 
inch rectangles in which 10 cells of approximately 
lg-inch diameter and depth were drilled (fig. 1). 
A food substrate was poured into each cell and al- 
lowed to harden. Following introduction of mites 
into the cells, a sheet of saran wrap was glued over 
the surface of the plexiglass rectangle with Pliobond,’ 
A series of minute pin 
1D) to 
and a 


a water-insoluble adhesive. 
holes was made in the saran covering (fig. 
allow for exchange of moisture and gases, 


Fic. 1—Plexiglass rectangle with 10 microcells. B, Cross section of plexiglass rectangle, 


showing relative depth and shape of microcells. 


barrier; b, Small flap cut in saran wrap to permit introduction of test organisms; c, 


proper; d, Plexiglass base; e, Food substrate. 
center flap and surrounding air holes. 


The simplest type of escape-proof cell for rearing 
mites would be a stoppered container such as that 
used by Lipovsky (1953). The difficulties involved 
in observation of the test organism and in achieving 
proper gas exchange in a stoppered receptacle, how- 
ever, make it unsatisfactory for controlled environ- 
ment studies. 

An attempt was to construct cells which 
could be covered to prevent escape but which would 
meet the specifications of efficient gas exchange and 
easy: observation. Such a method was devised by 
Radinovsky (1957) for life-history studies involv- 
ing the hairy spider beetle, Ptinus williger (Reit.). 
Specimens were reared in Y%-inch acetate cells 
covered with a double layer of transparent cellulose 
tape, through which pin holes were punched for air 
Because of the small size 


made 


and moisture exchange. 


C, Cross section of microcell; a, Saran wrap 
Cell 
Top view of saran wrap barrier, showing 


D 


small flap was cut to permit manipulation of the 
confined organism and addition of food for predatory 
test organisms. Humidity within the cells was main- 
tained by placing the rectangle in plastic containers 
held in desiccators and stored in 
controlled temperature cabinets throughout the tests. 

Saran paper barriers have the advantage of being 
transparent so that easy observation of confined mites 
can be made. Moreover, there is little chance of mite 
escape, or of drastic change in physical conditions. 
The use of a water filter between the source of illu- 
mination and the microcells allows observation with 


(figs. 2 and 3) 


a stereoscopic microscope without danger of tempera- 
ture increase. The major disadvantage of the saran 


4An all-purpose adhesive which is immune to fungi 
water and gases; manufactured by the Goodyear 
Rubber Company 


sists 
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Fic. 2.—Plastic container used for storage of plexiglass rectangles. Each rectangle 
holds 10 microcells. 


Fic. 3.—Desiccator with two plastic containers holding 32 plexiglass rectangles. 
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barrier is that it is easily torn and must be replaced 
at frequent intervals. In addition, confined mites 
commonly adhere to the inner surface of the saran 
and, because of their excrement, eventually hinder 
observation of the cell substrate. 

Semisolid or liquid barriers such as grease, pe- 
troleum jelly, tanglefoot, or oil applied around the 
rim of the cell could not be used since these materials 
tended to trap the mites rather than repel them, 
resulting in a high early mortality. Toxic chemical 
barriers were not used inasmuch as they might have 
affected the development or behavior patterns of the 
test organisms. 

The possibility of containing mites in open cells 
by means of an electrical field was one of the methods 
considered in this study. An electrical barrier would 
have all of the advantages deemed necessary for 
successful containment of mites, and would allow 
for the adjustment of the containing force in the 
event of differential escape abilities between species. 

A series of glass tubes (5 mm. in diameter and 
14% to 2 cm. long) were imbedded in a charcoal-yeast- 
plaster food mixture poured into syracuse watch 
glasses. An electrical field was created near the tops 
ot the tubes by winding two wires around them and 
connecting them to a variable voltage transformer 
capable of furnishing 1 to 120 volts. The two wires 
were separated by a distance not exceeding 3 milli- 
meters. Test mites were placed in the tubes and 
observed until potential for escape could be measured. 

Negative results were obtained with the electrical 
field method at all voltages. Escape was 100% in all 
tubes within 12 hours, even when the wires 
coiled (fig. 4). The possibility that the alternating 


were 


Fic. 4.—Diagram of apparatus used in elec- 
trical field barrier experiments. a, cell, 
5 mm. in diameter and 1% to 2 cm. long; 
b, Food substrate; c, Syracuse watch glass. 


Glass 


voltage supplied by the transformer was an unfavor- 
able source prompted the writers to repeat the ex- 
periments voltages from dry-cell batteries. 
Since negative results were obtained, it appears that 
mites are unaffected by electric fields. 

A second experiment involving the use of an 
electrical potential was initiated, the purpose being 
to contain mites by means of a mild shock caused by 
simultaneous contact and negatively 
charged surfaces. Two brass plates of 1 mm. thick- 
ness were cut to the dimensions of 115x45 mm. A 
thin sheet of celluloid was placed between the two 
plates, the resulting sandwich being glued together 


using 


of positively 
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with Pliobond. A series of 18 holes of approximately 
6 mm. diameter were drilled through the sandwich, 
which then was embedded in a charcoal-yeast-plaster 
mixture. The resulting microcells (fig. 5A) 
deepened by drilling into the food mixture. An 
electrical potential was created between the plates 
by attaching a wire to each plate and connecting 
Short circuits caused 


were 


these wires to a transformer. 
by the drilling procedure were corrected by careful 
filing of the sides of the microcells. A 


5B. 


cross section 
of an individual cell is shown in fig. Mites were 
introduced into the cells by means of a fine brush 


and voltages applied to the system. 


+ 











—Diagram of apparatus used in electrical po 
tential barrier experiments. A, Cross section of the ap- 
paratus. B, Cross section of an individual cell; a, Upper 
brass plate carrying a positive charge; b, Thin insulating 
sheet of celluloid; c, Lower brass plate carrying a nega- 
tive charge; d, Cell proper, drilled through the 
plate and food medium; e, Food substrate. 


Fic. 3: 
I 


brass 


It was found that a potential difference as low as 
7 volts was sufficient to repel the mites in 100 per- 
cent of the shock situations. Upon making contact 
with both plates, the mites exhibited a violent reaction 
consisting of immediate withdrawal and, at higher 
spasmatic body tremor. Electrocution 
occurred at voltages of 80 or higher. 

Mites receiving shocks returned to the bottom of 
the microcell but, in most instances, attempted escape 
again. Repeated shocks failed to deter the mites, 
the result being that eventually they were badly in- 
jured or killed. 
could not be achieved, and because of the apparent 
ill effects produced in the mites continued 
shock, the method was abandoned. 

A variation of the electrical potential microcell 
method devised in which the potential 
created between two concentric rings of silver con- 
ductive paint applied to the surface of an ordinary 


voltages, a 


Inasmuch as an avoidance response 


from 


was Was 
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Fic. 6—A, Diagram of apparatus used in electrical potential barrier experiments 


utilizing concentric rings of silver conductive paint applied to the 


surface of a 


microscope slide; a, Positive outer ring; b, Negative circuit leading to the negative 
inner ring; c, Cell proper; d, Slide proper. B, Diagram of a mite making the 


circuit of the vertical electrical potential apparatus. C, 


Diagram of a mite making 


the circuit of the horizontal electrical potential apparatus. 


microscope slide (fig. 6A). A distance of 75y-100p 


separated the rings, which were applied by means of 


a slide turntable. Unlike the vertical contact as pro- 
vided by the microcell method (fig. 6B), withdrawal 
from the shock stimulus provided by horizontal con- 
tact (fig. 6C) was not accelerated by gravitational 
pull. Here, withdrawal involved a purely mechanical 
act on the part of the mite which, because of spasm, 
usually was not accomplished before death occurred. 

Although the electrical method 
effective in this series of tests, it is felt that confine- 
ment of small arthropods by electrical means may 
prove successful where critical determinations of 
shock tolerance may be possible, and in situations 
where the loss of small numbers of animals through 
effects of repeated shocks would not be of importance. 

\ final tests conducted in 
which various smooth substances were applied to the 
inner edge of 1l-dram shell vials as liquids, which 
hardened upon contact with the air. Included in the 
preliminary experiments were fingernail polish, clear 
and a plastic, Teflon.’ In addition, beeswax, 
and household 
These 


barrier was in- 


series of barrier was 


varnish, 


cresin, stearic acid, carnauba wax, 
wax were tested as barriers to mite escape. 
substances applied with a camel’s-hair 
brush, allowed to harden and set, and polished with 
cotton. Tyrophagus putrescentiae 
Schrank, Cheyletus eruditus Schrank, and Letodiny- 
Can. were confined in the and 


observations were made to detect incidence 


were fine 


Acarus siro L.., 


chus krameri vials 
periodic 


of escape. All 
these barriers easily, using the irregularities in the 


four species were able to traverse 


surface to gain necessary footholds. 


Fluon,” a small-molecule liquid compound, also was 


resin; a crystalline, linear polymer 
and highly resistant to nearly all chemicals and 
solid form, used in these tests, has a low co- 
iction. Manufactured by E. I. duPont de Nemours 

, Wilmington, Delaware 
rsion GPI is an aqueous dispersion of 


10TOE thy lene 


poly- 


tested extensively as a barrier material. Fluon con- 
tains a nonionic wetting agent consisting of colloidal 
negatively charged particles suspended in an aqueous 
solution. Chemically, the solution is not too stable, 
tending to change in the presence of heat, extreme 
cold, or agitation. Upon contact with air, however, 
Fluon hardens to a waxy smooth, chemically inert 
form. 

A series of tests was established in which 
was applied to the inner top rims of 14 glass tubes 
(5 mm. in diameter and about 1% to 2 cm. long) 
with a brush. After a 4-hour drying 
period, the cells were imbedded in a charcoal-yeast- 
plaster food mixture poured into a petri dish. A 
period of 24 hours was allowed to insure complete 
drying of the food substrate, before the introduction 
of the test organism, Leiodinychus krameri, into each 


Fluon 


camel’s-hair 


cell. 

A small percentage of escape occurred during the 
4th hour of confinement, the percentage increasing 
with the passing of each hour until, at the end of 
the 12th hour, escape was nearly 100%. A 
Fluon fine 
perfections which probably were caused by faulty 
application technique. These imperfections apparently 
enabled the mites to traverse the barrier. 

A number of other application techniques were 
evaluated in order to surmount the problem of sur- 
face imperfections in the Fluon barriers. The manu- 
facturers suggest that Fluon should be sintered after 
drying. Therefore, after 45 glass tubes of the type 
mentioned above were dipped into Fluon and drained 
on a blotter to remove excess material, they were 
divided into groups of nine tubes which were sub- 
jected to five different drying procedures. These 
procedures are listed below: 


cle se 


examination of the surface revealed im- 


with a nonionic wetting agent. The 
with an average size of 
Chemical Industries, 
Herts, England 


tetrafluoroethylene stabilized 
particles are predominantly spherical, 
0.24 to 0.254. Manufactured by Imperial 
Ltd., Plastics Division, Welwyn Garden City, 
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1. Dried immediately after dipping in an oven at 
fo 4. 

2. Sintered by passing the tubes through a bunsen 
burner flame. 
Sintered in an oven at 200°-222° C 
of 8 minutes. 

4. Sintered in an oven at 220°-233° C. for a period 

of 10 minutes. 

5. Allowed to dry at room temperature (21° C.). 
As a control, Fluon was applied to 45 tubes by means 
of a camel’s-hair brush. These were also subjected 
to the above five conditions. One adult specimen of 
L. krameri was placed into each tube. 

After 96 hours, the majority of mites had traversed 
the Fluon barrier in all tests except those in which 
the cells were dipped and allowed to dry slowly at 
room temperature. Here, only one mite succeeded in 


. for a period 


traversing the barrier. 

Subsequent tests were set up with Fluon applied 
to the rims of 20 glass tubes by the dipping method 
and allowed to dry slowly at 21° C. A single speci- 
men of L. krameri was introduced into each cell. 
Within 24 hours two mites had escaped (90% con- 
finement), but observations made over a week later 
revealed that no further escape had occurred. 

In further efforts to 100% confinement, 
more than one layer of Fluon was applied to the 
glass tube rims. Of 20 treated, 10 were 
dipped in Fluon twice and 10 were dipped three times. 
All were set up in petri dishes in the manner out- 
lined Before each subsequent dip, the first 
coat was allowed to dry completely. 

The following day one specimen of L. kramert 
No food was in- 


achieve 


cells so 


above. 


was introduced into each cubicle. 
troduced. In this way it could be determined whether 
the mite was confined to the cell only by the presence 
ot the Fluon barrier. 

Observations were made periodically and, even 
after 24 hours, none After 31 hours 
of confinement, one mite had left the two-dip test 
(90% confinement) and no mites had escaped from 
the three-dip tubes. Subsequent checks made up to 
10 days later revealed no further escape in the two- 
dip series and continued 100% confinement in the 
three-dip test. The application of additional layers 
of Fluon appeared to fill in any cracks or imperfec- 
tions in the barrier, rendering it impassable to L. 
krameri. 

Food Substrates—Preliminary tests have shown 
that the addition of yeast (60-75 cc.) to Lipovsky’s 
mixture of 600 cc. of plaster and 50 cc. of charcoal 
mixed with water (1953), resulted in increased cul- 
ture development, particularly when additional yeast 
was lightly sprinkled on the substrate as it was 
hardening. Complete life cycles of Tyrophagus 
putrescentiae Schrank, Caloglyphus berlesei (Mich.), 
and Acarus siro L. were observed on this medium at 
20° C. and 90%-95% relative humidity. Mold growth 
accelerated by the addition of yeast, also favored in- 
creased development of fungivorous mite species. 
Successful rearing of Cheyletus eruditus (Schrank) 


had escaped. 
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and C. malaccensis Oudemans also was _ possible. 
Preliminary experiments with Leiodinychus krameri 
Can. were successful only through the deutonymphal 
stage. 

Stock cultures were maintained in transparent lid 
salve tins measuring 23 After the 
introduction of mites, holes were made in the cellu- 
loid lids to allow a free exchange of air and moisture. 
To prevent possible contamination from tiny larvae 
entering through the holes, the view 
water. 
of the 


4 by % inches. 


escaping or 
bins were placed in trays filled with soapy 
However, after months, the bottom 
tins became so rusted that eventually soapy water 
saturating the food media and killing 


several 


penetrated it, 
the mites. Therefore, before a tin was placed in 
soapy water, the bottom and sides of the container 
were coated with a protective layer of paraffin. This 
method proved satisfactory in the majority of trials. 
Placing the view bins on watch glasses so that the 
bins were not in direct contact with the soapy water 
provided another solution to the problem of rusting. 
Galvanized wire shelves suspended in the water also 
have proven satisfactory, except for occasional con- 
tamination arising from mites crawling along the 
wire from one culture to another. 

Several other food mixtures were utilized in stock- 
culture rearing experiments in order to determine 
specific food preferences of the test organisms. The 
predaceous species Cheyletus eruditus and Cheyletus 
malaccensis were reared on Acarus siro and Tyro- 


yeast-charcoal mixture. 

Preliminary food preference tests are summarized 
in table 1. 
into each view bin. Good, fair, and poor are arbitrary 


Thirty mite specimens were introduced 


terms which were used to denote changes in the num- 


ber of individuals in a period of 2 weeks after test 
100% i 


initiation. ‘“Good” denotes 75% to increase in 


number. 


Jo 


“Fair” represents an increase of 25% to 


while “poor” denotes either a loss in 
or an increase up to 25%. T. puto 
and C. berleset apparently have very 
preferences and hence are grouped together in table I. 
Results with the majority of the mixed food media 
swo, 1. , and C. 
berlesei showed increases of over 75% in the initial 
2-week test period with all mixtures 
numbers 1, 4, and 9. 
medium for all four species. L. 


%, number 
ntiae, A. JS ro, 


similar food 


were promising. 4. 
food except 
Prunes proved to be a poor 


krameri showed in- 


creases of over 75% in the same period only in food 


14, and 15, while showing increases of 
in all the remaining food mix- 


mixtures 5, 
from 25% to 75% 
tures except in number 4 where reproduction was 
poor, and in prunes. The reproduction rate of all 
four species was the highest in the bread media, with 
white bread being somewhat better than rye. In- 
creases of nearly 10-fold were common in Tyro- 
phagus, Caloglyphus, and Acarus cultures, and well 
over 100% in Leiodynichus cultures where bread was 
used as food material. 

T. putrescentiae and L. krameri both were ob- 
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Table 1.—Preliminary food-preference tests with four no mold was present. The majority of’ stock cul- 
species of granary mites: Leiodinychus krameri, Tyro- tyres were begun in July. 1959. and subsequent tests 
phagus putrescientiaec, Acarus siro, and Caloglyphus d : a Be i oat eae tel a 
ma: ' through a period of over a year have verified the 

above results. 
T. putrescen- st ean ie, alec | 
tiae, A. siro, REFERENCES CITED 
Food mixtures L. B and C. Davis, A. C. 1944. The mushroom mite (7 yrophagus 
krameri berleset lintneri (Osborn)) as a pest of cultivated mush 
1. 85% plaster, 15% mixed rooms. U. S. Dept. Agric. Tech, Bull. 879: 1-20. 
Pere = hate Edwards, C. A. T. 1955. Soil sampling for symphyilids 
Si Ra ANE. laa, and a note on populations. Jn: D. K. McE. Kevan 
é o plaster, o cCNar . o Pa > we 
al ee canal? eal (ed.), Soil Zoology. New York: Academic Press 
coa J/c mixe ? > 
5% brewer's yeast fair good ii Inc. (pp. 152-6.) . . } 
. 80% plaster 10% char- Filinger, G. A. 1931. The garden symphlid Scutigerella 
sock Batis afiieh thee fair ‘aii immaculata Newport. Ohio Agric. Expt. Sta. Bull 
coal, ¢ wheat germ 1 g 486. 

- 89% _Plaster, 15% wheat ; Bi Garman, P. 1917. Tarsonemus pallidus Banks, a pest otf 

ee — esi — geraniums. Maryland Agric. Expt. Sta. Bull. 208 
»~ GI70 PIASICT, 15% whole- Hughes, A. M. 1959. Personal correspondence. 

wheat flour good good Jacot, A. P. 1937. Culture of non-predaceous, non-para 
. 80% plaster, 10% char- Tair sitic mites (Oribatoidea and Tyroglyphoidea). /n 
coal, 10% whole-wheat P. S. Galtsoff et al., Culture Methods for Invert 
flour good brate Animals. Ithaca, N. Y.: Comstock Publishing 
. 80% plaster, 10% char- a Co. (pp. 245-6.) 
coal, 10% soy flour lair good Krantz, G. W. 1955. Some mites injurious to farm 
85% plaster, 15% soy As stored grain. Jour. Econ. Ent. 48(6): 754-5. 
flour fair good 1961. The biology and ecology of granary mites of th 
Prunes poor poor Pacific Northwest. L Ecological considerations 
Mixtures of feeds (oats, Ann. Ent. Soc. Amer. 54(2): 169-74. 
barley, and wheat)” good Lipovsky, L. J. 1953. Improved technique for rearing 
85% plaster, 15% wheat chigger mites. Ent. News 64: 4-7. 
germ? : good Michael, A. D. 1901. Development and Immature Stages 
. 80% plaster, 10% wheat In: British Tyroglyphidae, Vol. 1: 126-83. London 
germ, 10% charcoal” —_—— good The Ray Society. 
good Piummer, C. C., and A. E. Pillsbury. 1929. New Hamp 
shire Agric. Expt. Sta. Bull. 247. 
Radinovsky, S. 1957. The biology of Ptinus villige? 
(Reit.). Unpublished Master’s thesis, University of 
mixtures, a small amount of Manitoba. 62 pp. 
ce of the mixture Rivard, I. 1958. A technique for rearing tyroglyphid 
nitial adequate food mites on mold cultures. Canadian Ent. 90: 146-7. 
krameri in mix- Robertson, P. L. 1944. A technique for biological studies 
of cheese mites. Bull. Ent. Res. 35: 251-5. 

m the cheese, — Sengbusch, H. G. 1954. Studies on the life history of 
three oribatoid mites with observations on oth 
species. Ann. Ent. Soc. Amer. 47(4): 646-67. 

i re rn ; Solomon, M. E. 1946. Tyroglyphid mites in stored prod 
served to teed on various molds which developed on ucts. Nature and amount of damage to wheat. Ann 
many of the food media, but fared equally well where App. Biol. 33(3) : 280-9. 


13. Cheese fair 
14. Rye bread good good 
15. White bread good good 


plaster-charcoal base. 
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The Effects of Various Foods and Temperatures on Sexual Maturity 
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of the Drone Honey 
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ABSTRACT 


A study of sexual maturity of the drone honey bee was 
made to learn reasons for differences in maturity among 
drones of equal age. Maturity of the drones was judged 
by the number of spermatozoa in the seminal vesicles and 
vasa deferentia as determined by an improved counting 


technique. ; 
At 93° F., drones caged without worker bees attained 
maturity at about the same rate and to the same level as 


There is little agreement among honey bee re- 
search workers on the timing of, and factors govern- 
ing, sexual maturity of the drone honey bee. Differ- 
ences in the apparent readiness of drones for mating 
have been reported many times, but they are probably 
most evident and important to the person using 
drones for artificial insemination. This operation re- 
quires large numbers of drones which are sexually 
mature when queens are ready for insemination. 
Mature drones are just as essential for commercial 
queen rearing but, because queen breeders have less 
contact with drones than they do with queens, drones 
are often not given adequate consideration. A queen 
usually mates several times even on one flight, and 
the chances of her being fully inseminated by multi- 
ple mating are much better than if only one mating 
were the rule. However, single matings are certain 
to occur during inclement spring weather, which may 
limit drone rearing and mating flights and adversely 
affect drone maturity. 

The literature dealing with maturity of drones is 
conflicting and inconclusive. Zander (1920) was one 
of the first to study the problem, but his use of the 
“spermatophore” as a measure of maturity invalidated 
his results. We now know that the “spermatophore” 
was semen and mucus ejaculated into the penis bulb 
as a result of handling or anaesthetizing the mature 
drones. Bishop (1920) made a thorough study of the 
structure and development of the male reproductive 
system. He found little change in the organs after 
the sixth day but found an increase in the drones’ 
reaction to stimuli up to 9 or 10 days. He believed 
that mating experiments would be necessary to relate 
a drone’s functional maturity to that of its organs. 

Musalewsky and Koslow (1933, 1935) examined 
600 10-day-old drones to determine the relation of 
artificial stimulation, and eversion of the penis, to the 
presence of spermatozoa in drones used for artificial 
insemination. They found that 529 drones had living 


1 These data are from a thesis submitted to the Graduate Divi- 
sion of the University of California in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. Accepted for 
publication November 22. 1960. The author wishes to thank Dr. 
Harry H. Laidlaw, Jr., University of California, Davis, California, 
for his guidance and assistance in the work reported here. 

2 Now with the Entomology Research Division, Agric. 
Serv., U.S.D.A. at Logan, Utah. 
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those allowed free flight or caged in a nursery colony. 
Drone maturity was retarded slightly at 88° F. and seri- 
ously at 83° F. At the highest temperature the drones 
matured normally when fed honey syrup containing pollen 
or royal jelly (4 percent by weight) or on plain syrup. 
he retarding effect of the 83° temperature appeared to 
be offset in part by the presence of royal jelly in the 
diet. 


spermatozoa, yet only 214 everted the penis when be- 
headed. In their later work they considered drones 
mature at 8 to 10 days of age without regard for 
their reaction when beheaded. 

In an effort to determine the best method of test- 
ing for sexual or “physiological” maturity, Millen 
(1939) used the reactions of drones to the stimuli of 
pressure, beheading, and chloroform fumes. Chloro- 
form was most effective, measured by the eversion 
of the drone’s penis, and 74 percent of drones over 7 
days old everted. Millen did not suggest the reason 
for the difference in reaction of the drones. 

Kurennoi (1953) reviewed, and attempted to 
clarify, the diverse opinions about the age of at- 
tainment of sexual maturity by drones. Unfortunately, 
his use of the eversion reaction as the measure of 
maturity, and subjection of the drones to vaguely 
defined “reflex or mechanical stimulation,” did little 
to clarify the problem. He concluded that the trans- 
fer of spermatozoa to the seminal vesicles must be 
followed by a period of regular flights to produce 
maturity and, therefore, that most drones capable of 
mating are over 20 days old. 

The work herein reported was undertaken at Davis, 
California, from 1953 to 1955, to determine the parts 
played by various foods and temperatures in the at- 
tainment of sexual maturity by drone honey bees. 
Additional observations were made of other 
affecting the maturation process. Counts of sperma- 
tozoa in the deferentia and seminal 
were selected as the primary index of maturity. 


factors 


vasa vesicles 


MATERIALS AND METHODS 


Experimental drones were reared in strong colonies 
and allowed to emerge in cages in an incubator main- 
tained at 93° F. The newly emerged drones were then 
caged in groups of 50 or marked and introduced into 
normal colonies for tests involving free flight. 

Two types of cages were used for holding the 
drones. One used by Laidlaw (1954), was used to 
confine drones in a nursery colony so that they could 
be cared for by worker bees. The second, for hold- 
ing drones in an incubator, was patterned, in part, 
after one used by Melampy and McGregor (1939). 
As shown in figure 1, it is a 4x5-inch comb honey sec- 
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tion with screened bottom, a sliding top of 8-mesh 
hardware cloth, and a wooden top piece to support 
food and water vials. 

Drones require special feeders because they are un- 
able to groom their bodies as do worker bees. If a 
drone becomes sticky he is soon unable to move and 
quickly dies. The most satisfactory feeder was a 
thin-walled plastic vial, 9/16-inch outside diameter 
and 3 3/16 inches long. Syrup was accessible to the 
caged drones through three fine holes in the side 
wall just above the bottom of the vial. It was neces- 
sary to use feeders with holes of different sizes ac- 
cording to the temperature: 0.024 inch at room tem- 
perature, 0.020 inch at 83° F., and 0.016 inch at 93° 
F. The vials were changed when cages were moved 
from one temperature to another. A cork collar 
around the vial held it suspended 4% inch above the 
cage floor so that drones could feed easily without get- 
ting syrup on themselves. 

Initial experiments to determine effects on drone 
maturity of different types and amounts of food were 
planned with the belief that drones would not survive 
long without being cared for by worker bees. Groups 
of 50 newly emerged drones were, therefore, caged 
with 100 worker bees of each of three age groups: 
field bees, brood or nurse bees, and 5-day-old bees. 
The age group introduced variations in the amount 
of royal jelly which the drones might receive. Other 
variables were introduced by feeding pollen to some 
groups and by preventing the drones from feeding 
themselves in some of the cages. All the bees were 
provided with honey syrup and water. 


Fic. 1—Cage for maintaining 
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The degree of sexual maturity of the drones from 
the different treatments was rated by examining the 
seminal vesicles after they were removed from the 
drone’s abdomen. Seminal vesicles filled with sperma- 
tozoa are cream-colored and turgid in comparison to 
those without spermatozoa which are translucent and 
flaccid. As they become filled, the vesicles react to 
maceration by an increasingly strong contraction of 
the muscle layers. This method gave a fast, rough 
estimate of the maturity of large numbers of drones. 

Drones were able to feed themselves satisfactorily 
from the plastic feeders, thereby making it possible to 
exercise absolute control over their food supply. Four 
syrup mixtures were prepared from one lot of honey 
as experimental foods for the drones. A basic, un- 
filtered syrup was made from equal volumes of honey 
and tap water. Part of it was filtered while hot to 
produce a pollen-free filtered syrup. Pollen syrup was 
prepared by adding 4 percent, by weight, of mixed, 
bee-stored pollen to the filtered syrup. Royal jelly 


syrup was prepared fresh every other day by adding 
fresh jelly, at 4 percent by weight, to filtered syrup. 
In early trials, the drones used so little water that 


its provision was discontinued. 

To assess the sexual maturity of drones receiving 
the different foods and other treatments, counts were 
made of the spermatozoa in the vasa deferentia and 
seminal vesicles. The technique was adapted from 
that of Mackensen and Roberts (1948), who used it 
for counts of spermatozoa in spermathecae. Drones 
to be dissected were chilled to immobility to prevent 


their ejaculation when being dissected. The seminal 


in an incubator without worker bees. 
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vesicles and vasa deferentia were placed in 1 ml. of 
2-percent starch solution and macerated with a fine 
pair of needles. This mixture was thoroughly agitated 
with an eyedropper before being further diluted with 
either 4 or 9 ml. of a spermatozoal counting fluid’ 
(Levinson and MacFate 1956). The final mixture 
was agitated and used to fill the counting chambers 
of a hemocytometer. The starch solution dispersed 
the spermatozoa well and caused them to become 
coiled temporarily. The second fluid acted as a fixa- 
tive which made the counting easier by preventing 
the spermatozoa from uncoiling. 

Two series of spermatozoal counts were made for 
use as standards of comparison for all succeeding 
counts. The first, of drones allowed free flight, was 
made from drones marked at emergence and intro- 
duced into a strong, two-story colony amply supplied 
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at the entrance of a hive as they returned from a 
flight. The count of 4.5 million by Kohler (1955) 
appears abnormally low, especially in view of the 
similarity of the other two counts. 

The relation of age of the free-flying drones to 
their number of spermatozoa (table 1) agrees well 
with the results of Kurennoi (1953), but not with 
Bishop (1920). The latter reported that spermatozoa 
move into the upper end of the seminal vesicles 2 
days before emergence and fill them 3 days thereafter. 

Under the ideal conditions of the nursery colony, 
caged drones attained a slightly higher average num- 
ber of spermatozoa than drones allowed to fly freely 
(table 1), possibly as a result of genetic differences 
between the groups of drones used. The figures 
probably approach the maximum attainable by drones 
receiving optimum care as larvae and young adults. 


Table 1—Comparison of spermatozoa counts of drones allowed free flight, caged in a nursery colony, and confined 
without worker bees at different temperatures and with different foods.* 


Temperature and food (type of syrup) 


Neus 


g 

g 
49 

od 
4 


orded in millions of spermatozoa. 


with pollen and honey. The second was made from 
drones caged at emergence under the ideal conditions 
of a nursery colony. 

Three experiments concerning the effects on drones 
of different temperatures were conducted in two cabi- 
nets in which temperatures fluctuated 2° F. 
Continuous records of temperature and relative hu- 


or less. 


midity were maintained with a recording hygrother- 
mograph. 


RESULTS AND DISCUSSION 


The number of spermatozoa of free-flying drones 
(table 1) increased rapidly, reaching their highest 
level when the drones were 8 to 9 days old. The 
highest average count of 10.80 million spermatozoa 
was very close to the average count of 10.41 million 
made by Mackensen (1955) of eight drones caught 


® Sodium bicarbonate, 5 gms.; neutral formalin, 1 ml.; water 


to make 100 ml 


There was no decrease in numbers of spermatozoa of 
drones caged in the nursery colony up to 6 weeks of 
age. If there were, given 
the idea, reported by Crane (1954), that a drone’s 
ability to mate only lasts about a week. 

Initial experiments in which drones were caged 
with worker bees indicated that they are able to 
mature sexually under conditions more severe than 
in the hive. Nearly all of them matured, judged by 
examination of their and no dif- 
ferences in maturity were found between groups cared 
between 


more credence could be 


seminal vesicles, 
for by worker bees of different ages or 
groups provided with different foods. 

The three syrups (filtered, pollen, and royal jelly) 
provided adequate nutrition for all drones held at 
93° F. without worker bees to mature at about the 
same rate and to the same degree as those allowed 
free flight (table 1). Survival in this and subsequent 
very good. In experiment, 


experiments Was one 
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counts were made until the drones were 15 days old 
and 49 of the original 100 drones remained. When 
the cage was opened, all of them were able to fly. 
Some drones which survived after being caged 26 
days were also able to fly. McIndoo (1914), Phillips 
(1922), and Oertel et al. (1953) reported drone lon- 
gevity averaging about 3 to 5 days when drones were 
fed sucrose syrup or sugar candy in cages without 
worker bees. This short survival may have been due, 
in part at least, to the foods used in place of honey. 
Oertel et al. pointed out that drones may not be able 
to invert sucrose as do worker bees. 

The successful maturation of drones on all three 
diets, without the presence of worker bees, does not 
rule out any effects of differences in larval diet, but 
does make royal jelly appear less important in adult 


drone nutrition than is commonly believed. Its func- 
tion may be that of providing protein which will 
lengthen the drone’s life (Free 1957). 

The effect of different temperatures on the move- 
ment of spermatozoa into the seminal vesicles was 


first observed when drones were moved to a well- 
controlled incubator from a makeshift one used in pre- 
liminary work. At 93° F., as described above, sper- 
matozoa counts from caged drones were very similar 
to those from free-flying drones. When the tempera- 
ture in the incubator was lowered to 88° F., some in- 
dividual drones had lower counts than those at 93° 
F. However, most drones became mature at 10 days 
of age (table 1). At 83° F., 10 degrees below opti- 
mum hive temperature, movement of spermatozoa 
from the testes to seminal vesicles was seriously re- 
tarded. Movement began later than in drones allowed 
free flight and, except for those fed royal jelly syrup, 
the counts were so low and indeterminate it appeared 
that they would never reach a normal level. 

The retardation of spermatozoal movement at 83° 
F. was completely overcome after 24 hours at 93° F. 
(table 1). Drones held 6 to 7 days at 83° F. had 
extremely low numbers of spermatozoa in their semi- 
nal vesicles, yet became fully mature after 3 days at 
93° F. There was no evidence of injury from this 
treatment. 

It is not surprising that drone honey bees are sen- 
sitive to temperatures below 93° F. because other in- 
sects, especially males (Wigglesworth 1950), are 
known to be temperature-sensitive. Retardation of 
sexual maturation by the action on spermatogenesis 
of high and low temperatures during both pupal and 
adult stages has been recorded by many investigators, 
including Norris (1933), Raichoudhury (1936), Oos- 
thuizen (1935), and Hanna (1935). The tempera- 
tures to which these investigators exposed their test 
insects were more extreme than those which drones 
encounter. their test insects normally live 
under a wider range of temperature than drones, com- 
parisons are probably valid. 

The temperature within the honey bee brood nest 
is maintained at 93° to 95° F. in strong colonies. In 
the spring, however, when colony strength varies 
widely, many colonies are not able to maintain this 


Since 
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temperature. Vansell (1930) found 7-day average 
minimum temperatures of the brood nest below 75° F. 
as late as March 29 in northern California. Milum 
(1930) recorded temperatures as low as 76.3° F. 
in the brood area of colonies of bees in Wisconsin 
during April. 
posed to such temperatures, which may retard sexual 
maturation. 

Adult drones are subjected to temperature fluctua- 
tions in two additional ways, by their orientation in 
the colony and by flight. As drones age they move 
to the periphery of the brood nest where they feed 
themselves from open cells of honey and are subject 
to somewhat lower temperatures. If the colony’s nec- 
tar intake is reduced or disrupted, even younger 
drones may be forced to move to the outer combs be- 
cause of the change in reaction of workers to drones. 
Flight may be a factor in overcoming retarded mat- 
uration by raising the drone’s body temperature above 
brood nest temperature. Brunnich (1927) reported 
drone body temperatures of up to 48° C. (118.4° F.) 
and Schulz-Langner (1958) found foraging worker 
bee temperatures of 44° C. (111.2° F.). 

Flight has been considered (Kurennoi 
essential part of the maturation 
Apart from possible temperature relationships, flight 
may be a factor in giving the drones the muscular re- 
actions required for copulation. This appears unlikely 
mature as 


Drones in all stages are probably ex- 


1953) an 


process of drones. 


because drones caged since 
quickly as free-flying drones and are used routinely 
for artificial insemination by Dr. Harry H. Laidlaw, 
Jr., University of California, Davis, California. Dr. 
Laidlaw made three inseminations during this in- 
vestigation, using drones caged 14 days in the incu- 
bator. Two of the queens were lost during the mani- 
pulations incident to the technique; the third queen 
performed well all season. 

Both queens and drones spend a period of develop- 
ment in the hive before making any flights. After this 
period, as many as 40 percent of virgin queens may 
mate on the first flight (Taber 1954). Drones proba- 
bly mate just as early, as soon as they encounter vir- 
gin queens and regardless of the state of maturity of 
their internal organs. Sterile males of Ephestia 
(Norris 1933) and Drosophila (Young and Plough 
1926) copulate with little or no transfer of 
tozoa. Taber (1954) reported evidence that immature 


emergence 


sperma- 


drones may also copulate. He observed three queens 
which returned from flights bearing the “mating sign” 
(part of the drone’s penis adhering to the vagina 
of the queen) but which had no spermatozoa in their 
spermathecae 2 weeks later. A lack of spermatozoa 
seems to be a more likely explanation of this result 
than the possibility that the drones missed their mark 
or that the queens were abnormal in some way. 
Changes in the number and relative ages of drones 
within a colony appear to have a role in the survival 
and maturation of drones. When 500 marked, newly 
emerged drones were placed in a colony above an 
excluder, the worker bees reacted immediately to the 
influx. The next day the excluder was covered with 
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dead drones—pupae and adults. Only five of the 
marked drones were included among the dead. Such 
an influx of drones would not have occurred under 
natural conditions. However, the reaction of the 
colony indicates an awareness of relative numbers of 
drones within the hive, which may operate to main- 
tain favorable drone rearing and maturing conditions 
by limiting the drone population. Wide differences in 
drone populations among colonies suggest that many 
factors are probably involved. 

The differences in care received by drones of dif- 
ferent ages were strikingly demonstrated when cages 
of young drones (6 to 7 days old) were placed in a 
nursery colony beside cages of clder drones (21 to 
The worker which had been 
heavily clustered on the cages of old drones, almost 
completely deserted them in favor of the younger 
ones. This neglect continued for about 3 days, after 
which the workers clustered on the cages of both old 


») 


22 days old). bees, 


and young drones. 

Information is lacking on the effects, upon matura- 
tion of adult drones, of unfavorable conditions during 
the immature Dietary changes, temperature 
fluctuations and relative numbers must exert an effect 
on larvae and pupae, perhaps producing cumulative 


stages. 


effects when young adult drones also encounter ad- 
verse conditions. The reactions of honey bee colonies 
during the 
may operate to assure the presence of either mature 
The changes in diet, location 
be relatively 


“crisis” responsible for such conditions 
drones or none at all. 
in the colony, and temperature may 
minor in effect up to the point at which the drones in 
all stages are rejected. The many reports of drone 
immaturity and sterility appear to support the view 
that such mechanisms in the colony are ineffectual, 
or partly so. In spite of the confusion and lack of 
agreement about what constitutes maturity, the many 
factors which can affect the drone’s phy siology can 
hardly be overlooked as a source of Variation. 
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ABSTRACT 


A Warburg apparatus was used to determine the cubic 
millimeters of oxygen consumed per hour by second- and 
third-instar common cattle grubs (Hypoderma lineatum 
(De Vill.) ) and northern cattle grubs (H. bovis (L.)) 
extracted from backs of cattle. With second-instar lar- 
vae, oxygen consumption increased in a linear fashion 
with an increase in weight; with third instars, it increased 


Workers in many parts of the world have con- 
tributed to the present-day knowledge of the biology 
of both the common cattle grub, Hypoderma lineatum 
(De Vill.), and the northern cattle grub, H. bovis 
(L.). Selected bibliographies can be found in Bishop 
et al. (1926) and Scharff (1950). In recent years 
the successful development of animal systemic in- 
secticides for the control of these species has caused 
a refocusing of attention on different phases of their 
biology, especially the stages that develop in the 
hosts. (Wolfe 1959; Harris et al. 1960). 

Considerable information has been gathered on the 
respiration of larvae of holometaliolic insects (see 
Roeder 1953), but no data have been recorded for 
larval stages of cattle grubs. This paper summarizes 
data obtained at Kerrville, Texas, on respiration and 
the relationship between weight and oxygen consump- 
tion of H. lineatum and H. bovis. 


MATERIALS AND METHODS 


The cattle grubs were extracted from the backs of 
Hereford cattle imported from ranches near Gillette, 
Wyoming. These animals served as untreated checks 
in tests with systemic insecticides for control of cattle 
grubs. Grubs were extracted from cysts by enlarging 
the breathing holes with fine haemostats and then ap- 
plying pressure to the areas around the holes. The 
squeezed-out grubs were placed in beakers and brought 
to the laboratory. 

The grubs were washed in a 0.9% sodium chloride 
solution to rid them of pus and other matter, blotted 
dry on paper toweling, and weighed on an automatic 
balance. They were then placed individually in re- 
action vessels of a Warburg constant-volume res- 
pirometer. The center well of each flask contained 
0.2 ml. of a 10% potassium hydroxide solution. Tem- 
perature was maintained at 38° C., and the respir- 
ometer was shaken at a rate of 74 cycles per minute. 

Oxygen consumption was determined by methods 
described by Umbreit et al. (1957). No liquid was 
added to the portions of the flasks containing the 
grubs. In the determination of the oxygen consumed 
the volumes of the grubs were considered to be ap- 
proximately equal to their weights (specific gravity 
of 1). 
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until middle weights were reached, and decreased as lar- 
vae approached the pupal stage. In general, oxygen con- 
sumption of H. bovis was greater than that of H. lineatum 
larvae of similar weight. There apparently is a large in- 
crease in metabolic processes associated with molt from 
second- to third-instar larvae. Data on weights of larvae 
are also presented. 


After the 2-hour period, the grubs were removed 
from the flasks and identified as to species and stage 
using descriptions from Laake (1921), James (1947), 
and Scharff (1950). Also, grubs were classified as to 
physical condition, and data from dead or moribund 
larvae were not used. 

Larvae were extracted during the periods of Jan- 
uary 14 to March 26, 1959 and December 30, 1959 
to March 25, 1960. Data from both are 
grouped together. The numbers of larvae from which 
data were obtained are as follows: lineatum - 82 
second instar and 164 third instar; bovis - 60 second 
instar and 98 third instar. 


seasons 


RESULTS AND DISCUSSION 


Respiration Studies —The data on the oxygen con- 
sumption per grub and per gram for second-instar 
larvae and for third-instar larvae are summarized 
in table 1. The cubic millimeters of oxygen consumed 
per hour per grub or per gram are presented as 
average amounts for second-instar larvae placed in 
groups within 50-milligram limits and for third-instar 
larvae in groups within 100-milligram limits. The 
data on average consumption of oxygen for larvae in 
these categories are illustrated in figures 1 and 2. 

With second-instar larvae, 
erally consumed by bovis than by lineatum of the 


more oxygen is gen- 
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Fic. 1.—Relationship between oxygen consumption and 
weight of second-instar larvae. 
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Table 1—Average cubic millimeters of oxygen consume 
of second-instar and third-instar larvae. 


H. bovis 


Cubic millimeters 


of oxygen 
sumed per 


Cubic millimeters 
ot oxygen con- 
sumed per hour 


Number 
ot 
larvae 


Weight range 
(grams ) 


Second-insti 
392.71 
275.95 
293.19 
318.03 
298.40 
271.13 
286.45 
263.31 


0.051-0.100 
101- .150 
151- .200 
.201- .250 
251- .300 
301- .350 
351- .400 
A01- .450 


108.46 
107.52 
Third-insta 
488.00 
403.93 
399.40 
541.22 
417.76 
394.98 


178.45 
187.12 
224.46 
347.47 
310.71 
335.26 


346.89 


201-0. 
sol- . 
.401- . 
5Ol- . 
.601- é 
701- .800 
801- .900 
.901-1.000 
.001-1.100 
.101-1.200 
.201-1.300 
.301-1.400 
.401-1.500 
.501-1.600 
1.601-1.700 
1.701-1.800 
1.801-1.900 
1.901-2.000 
2.001-2.100 


300 
400 
500 
600 
700 


nk pw 


~ 
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oD = oN 


Noro wpn 


same weight. With both species, as weights increase 
there is a corresponding increase in oxygen con- 
sumed per grub. The relationship appears to be al- 
most linear. Conversely, however, as the weights of 
the larvae increase, the oxygen consumed per gram of 
body weight decreases in a more erratic fashion. 
With third-instar larvae, the general pattern of the 
oxygen-consumption curve is similar in both species. 
After the second molt, oxygen consumption increases 
rapidly with increase in weight, reaches a peak, then 
decreases as larvae near the pupal period. These 
changes in oxygen consumption appear to be asso- 
ciated with color change in the cuticle. The newly 
molted forms are white, and spines are very lightly 
sclerotized ; their 
darkens to brown and spines become heavy; and 
finally, near the pupal stage the larvae are very dark 


larvae increase in size, color 


as 


brown, or even black with black spines. 

With few exceptions, the average of oxygen con- 
sumed per third-instar larvae was greater for bovis 
than for lineatum of the same weight. The oxygen 
consumed per unit weight of grub decreases with the 
increase in the total weight of larvae of both species. 

Of special interest is the difference in the oxygen 
consumed by larvae of the same weight and species 
but of a different instar. With bovis the oxygen in- 
take by third-instar larvae in the weight range of 


per gram 
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1 per hour per cattle grub and per gram in weight ranges 


H. lineatum 


Cubic millimeters 
of oxygen con- 
sumed per hour 

per gram 


Cubic millimeters 
ot oxygen con- 
sumed per hour 


Number 
ot 
larvae 


con- 
hour 


uw larvae 

324.35 
388.87 
280.06 
254.65 


227.36 


240.63 


18.65 
50.60 
49.81 
58.00 
61.95 
77.13 


r larvae 

474.37 
410.59 
386.53 
444.08 
406.39 
360.40 
350.69 
273.10 
270.38 


231.98 


130.55 
143.24 
173.84 
242.12 
268.01 
268.70 
291.98 
259.29 
281.53 
261.29 


0.301-0.400 grams was 178.45 cubic millimeters 
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hour, and by second-instar in that same range, 95.51 
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Fic. 2—Relationship between oxygen consumption and 


weight of third-instar larvae. 
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cubic millimeters per hour. The difference is more 
pronounced with lineatum: in the weight range 
0).201-0.300 grams, third-instar larvae consumed 130. 
cubic millimeters of oxygen per hour, and second- 
instar, 60.14 cubic millimeters per hour. The need 
for oxygen apparently increases greatly as a result 
of the molt, which indicates not only that the process 
is a simple shedding of the epicuticle, but also that it 
is associated with an increase in general metabolic 
On several occasions, second-instar larvae 
found which the third-instar larvae could 
be clearly seen. Their oxygen consumption was in 
the range of the second instar rather than that of 
the third instar. This similarity indicates that the 
almost twofold increase in oxygen consumption does 
not take place until the epicuticle is shed. 

Height Records—In the process of obtaining the 


of 
5 


( 
5 


pre cesses. 


were in 


data on oxygen consumption, it was necessary to re- 
cord weights of the larvae. These data are sum- 
2, The most striking differences are 


marized in table 


Table 2—Weights of second- and third-instar cattle 


grubs. 
Weight (grams) 


Average Minimum Maximum 


H. bovis 


Instar 


0.413 


2.075 


0.267 
1.080 


Second 
Third 
H. lineatum 
0.229 
698 


0.340 
1.200 


0.053 
203 


oe cond 
Third 
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those recorded for third-instar larvae. The maximum, 
minimum, and average weights for bovis were con- 
siderably greater than those for lineatum. With both 
species there was a considerable overlap in the weights 
of the heaviest second instars and the lightest third 
instars. As reported above, several second instars 
were found in which the third instars could, be seen. 
The weights of these specimens were as follows: 
bovis, 0.411, 0.377, and 0.365 grams; lineatum, 0.237 
and 0.257 grams. 
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Assessing the Age of Mosquitoes: The Teneral Adult 


(Diptera: Culicidae)' 


BETTINA ROSAY 


California State Department of Public Health, Bureau of Vector Control, Fresno 


ABSTRACT 


The anatomical changes that occur in adult mosquitoes 
shortly after emergence include loss of specific muscle 
tissue, egestion of meconium, and rotation of the male 
terminalia. The average times required for completion 
of these events are given for Aedes nigromaculis (Ludlow ) 


The length of time that a mosquito lives has been 
convincingly shown in recent years to be an impor- 
tant factor in determining its ability to transmit 
pathogens (Macdonald 1957). This has led to re- 
newed efforts to develop techniques for assessing the 
age of mosquitoes (Gillies 1958; Beklemishev et al. 
1959). 

\ number of anatomical changes of the adult that 
occur shortly after emergence have been described, 
but most of these have not been used as indicators 
of age except in a gross manner. There has been no 
1960. 
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and Culex pipiens quinquefasciatus Say at 17°+1°, 
22°+1°, and 28°+1° C. For most purposes, the presence 
of the muscle remnants in the adult is the most useful 
indicator of the teneral condition. This indicator appears 
to be of widespread occurrence in the Culicinae. 


evaluation of these changes in a given species to de- 
termine whether not one method is better than 
another. 

Egestion of meconium and rotation of the male 
terminalia are changes which occur in the newly 
emerged adult, and these have been known for a 
long time. Passage of meconium by the adult soon 
after emergence has been noted as an indicator of 
age by Mer (1936) and Detinova (1959). That 
the external genitalia of male mosquitoes rotate 180 
degrees after emergence is also well known. Nu- 
merous authors have reported the time required for 
their various test. animals to complete the process of 


or 
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rotation (Christophers 1915, 1960; Marshall and 
Staley 1932; Marshall 1938; Roth 1948; Rees and 
Onishi 1951; Nielsen 1958; and others). This meas- 
ure of age has only recently been used in field studies 
(Nielsen 1958; Haeger 1960; Provost 1960). 

Certain structures of immature 
carried over into the adult stage and disappear shortly 
thereafter (Roubaud 1932; Mer 1936; Beckel 1954; 
Clements 1956; and Christophers 1960). The most 
common structure reported is the mass of degenerat- 
ing muscle tissue that remains for a short period of 
time in the teneral adult. Mer (1936) mentioned the 
presence of pupal tracheal structures in newly 
emerged adults. 

The present paper is a comparison and evaluation 
of several of these methods for assessing the age of 
teneral adults of Aedes nigromaculis (Ludlow) and 
Culex pipiens quinquefasciatus Say. 


stages may be 


MATERIALS AND METHODS 


The C. p. quinquefasciatus colony used in this study 
is nonautogenous and was originally established in 
1952 at the Kern Mosquito Abatement District with 
material collected near Bakersfield, California. Lar- 
vae were reared at 25°+4° C., in pans measuring 
35x23x5 cm. with water depth about 3 cm. Each pan 
was stocked with about 500 larvae which were fed 
four livestock pellets (Misco Mills, Bozeman, Mon- 
tana) each day. Pupae were removed from the pans 
each day and placed in water in cubical screened 
cages, 15 or 30 cm. on an edge, which were placed 
in unlighted incubators at 17°+1°, 22°+1°, or 
28°+1° C. At 4-hour intervals all mosquitoes which 
had emerged in the cages were aspirated into smaller 
cages made of half-pint ice cream cartons with net- 
ting tops, which were returned to the incubators. 
Adequate humidity was provided by damp toweling 
around the cages. No blood or carbohydrate source 
was available during this time, so that the anatomical 
changes observed were uncomplicated by feeding. The 
adults may have imbibed water from pupal emergence 
containers before being transferred to the smaller 
cages, but after this time no liquid water was present 
unless condensation occurred. 

Since A. nigromaculis has not been colonized, adults 
were reared from late-instar larvae or pupae collected 
in Madera and Kings Counties, California. They were 
treated similarly to C. p. quinquefasciatus; however, 
the pans of larvae were aerated. 

Some observations were made on the following 
species collected from the field near Fresno: Culex 
apicalis Adams, C. peus Speiser, C. tarsalis Coquil- 
lett, Culiseta inornata (Williston), Anopheles free- 
borni Aitken, A. pseudopunctipennis franciscanus 
McCracken, Aedes melanimon Dyar, and A. sierrensis 
(Ludlow). Limited observations were made on Aedes 
communts (De Geer) from El Dorado County, Cali- 
fornia, and A. aegypti (Linnaeus) from a laboratory 
colony. 

After immobilization by brief exposure to chloro- 
form, mosquitoes were dissected in 0.675 percent 


NaCl in distilled water. Most of the work was per- 
formed under a binocular dissecting microscope at 
magnifications of 8, 24 or 48 diameters, but some 
observations were made under a compound micro- 
scope at magnifications of 100 or 440 diameters. 

For each series of observations on loss of teneral 
characteristics, adults were at 6-hour in- 
tervals. The abdomen muscle 
remnants, the gut for meconium, and the male hy- 


dissected 
was examined for 
popygium for degree of rotation. Sixty specimens of 
both sexes of each species were examined, except that 
20 specimens of each sex of A. nigromaculis were 
dissected to determine the presence or 
meconium. These figures gave a cumulative distribu- 
tion of loss of characters with time. The figures 
were converted to percentages and plotted against 
time on arithmetic probability paper. Straight lines 
were fitted to the plotted points. The 
standard deviations of each distribution 
mated from the paper and the standard error of the 
from the equation S.E. = 


absence of 


mean and 


were esti- 


mean was calculated 


(Litchfield and Fertig 1941). 


RESULTS 


abdomens of newly 


Muscle 


emerged mosquitoes were found to contain a mass of 


Remnants.—The 


transparent tissue which had the appearance and struc- 
ture characteristic of muscle (fig. 1). It was located 
between the gut and abdominal wall and was more or 
less joined to the integument. It was optically active 
The 
tissue was present in enormous quantities when the 
adult emerged from the pupal skin; then it gradually 
It appeared to be 
immature 


when placed between crossed polarizing discs. 


disappeared as the mosquito aged. 
the abdominal musculature of the 
which underwent autolysis in the aduit. The muscu- 


stages 


lar appearance of the tissue was replaced by large 
globules that were sudanophilic (Sudan IV). These 
apparently were incorporated into the fat body which 
was observed to increase in size during this time. 
The muscle remnants were found in both sexes of 
each of the species listed in the preceding section, 


Fic. 1—Part of the muscle remnant from C. p. quin- 


quefasciatus female. (X 75 approx.) 
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i.e., in 12 species representing four genera, and thus 
they appear to be of wide occurrence in Culicinae. 
It can be seen from table 1 that, at the temperatures 
used, from 12 to 59 hours were required for complete 
autolysis of the muscle remnants in half of the mos- 
quitoes tested, and this depended on temperature and 
sex. The rate of autolysis was directly related to 
temperature. The autolysis rate was faster in males 
than in females, but the rates were not strikingly 
different in the two species tested. 
Meconium.—Meconium was found in the midgut 
of both sexes of newly emerged adults of all species 
examined. It was usually a semisolid mass, colored 
yellow, green, or brown. The average time required 
for the expulsion of meconium is shown in table 1. 
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If the standard deviations of the average times for 
the loss of the teneral characteristics in table 1 are 
consulted, it can be seen that those for muscle rem- 
nants tend to be less than those for meconium and 
hypopygial rotation. The smaller standard deviation 
for muscle remnants indicates that this measurement 
is less variable than the other two. Little is gained 
from making all three measurements, because the 
three processes end at approximately the same time. 
The examination of the hypopygium can be done 
quickly, but is applicable only to males. The teneral 
female can only be determined by dissection. If 
this is done, the muscle remnants give a more ac- 
curate indication of the teneral state than meconium. 

The finding of muscle remnants as described in 


Table 1—Average time in hours required for loss of teneral characteristics. 


A. nigromaculis c. 


Temperature 


(21° ©) Mean+S.E.? 


Males 17 
22 
28 
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i deviation of the frequency distribution 
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There was no great difference between species or 
sexes, and, as expected, the time required for egestion 
of meconium varied with temperature. 

Hypopygial Rotation—Table 1 shows that there 
was no conspicuous difference in the rate of hy- 
popygial rotation between the two species studied. 
The time required for complete rotation, again, was 
related to temperature. 


DISCUSSION 


It is often desirable in field work to know the ap- 
proximate age of individual mosquitoes or of groups 
It is especially important to be able 
to recognize teneral mosquitoes, indications 
are that the behavior of newly emerged adults is 
very different from that of older adults. The times 
recorded in this paper for the loss of certain teneral 
characteristics of adults, therefore, provide a firm 
basis for the assessment of age as long as the average 
temperature in the field to which the insects have been 


of mosquitoes. 
since 


exp sed is known. 


p. quinquefasciatus 


SD Mean+S.E. 


Loss of muscle remnants 
7 45+1.6 


9 22+0.7 
14+0.7 
54+1.4 


Egestion of meconium 


14 


Completion of hypopygial rotation 
15 53+1.6 
9 26+1.2 


5 17+0.5 


this work is not completely new. As previously stated, 
they were noticed by Roubaud (1932), Beckel (1954), 
Clements (1956), Christophers (1960), and possibly 
by Mer (1936). However, none of these authors used 
muscle remnants as indicators of age in field studies. 

The nature of the muscle remnants is not entirely 
clear, but from all indications they are the larval ab- 
dominal muscles which have been carried through the 
pupal stage. They correspond to Snodgrass’ descrip- 
tion of insect muscle (1925, 1935). Christophers 
(1960) stated that the adult abdominal musculature 
is identical to that of the larva but that several days 
after emergence of the adult there is a general de- 
terioration of such musculature. Roubaud (1932) 
found that the muscle tissue in the abdomen of newly 
emerged adults breaks down and is taken into the fat 


body; this is in agreement with observations here 


reported. 
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Mandibular Cland Extirpation in Living Queen and Worker Honey Bees 


(Apis mellifera )* 


NORMAN E. GARY 


Department of Entomology, Cornell University, Ithaca, New York 


ABSTRACT 


Mandibular gland extirpation in the living bee is sug- 
gested as a means of elucidating the functions of these 
glands, whose secretions both from queens and workers 
are known to exert notable influences on the physiology 
and behavior of the honey bee colony. Using a technique 


described here, the glands were removed successfully from 


The mandibular glands constitute one of six recog- 
nized pairs of salivary glands in the honey bee (Rib- 
bands 1953). from all of these glands 
empty onto the mouthparts. The mandibular glands 
are well developed and functional in both queen and 
worker bees, although they are much larger in the 


Secretions 


queen. 
Recent studies have demonstrated several interest- 
ing functions associated with the mandibular glands. 
Butler and Simpson (1958) discovered that the se- 
cretion from the mandibular glands of the queen bee 
inhibits the construction of queen cells by worker 


bees. Butler (1959) also found that the same secre- 


This investigation was supported by a PHS research grant 
MY-3368 from the Mental Health Division, Public Health Service 
Accepted for publication December 23, 1960 


19 laying queens, and 15 of these were accepted when in- 
troduced into colonies. Thus it is possible to study “queen 
right” colonies denied only the mandibular gland secretion 
of the queen. Extirpation of these glands from 11 living 
workers demonstrated worker survival following the 
operation. 


tion inhibits the development of the ovaries of worker 
bees. Later Callow and Johnston (1960) isolated, 
identified, and synthesized a_ bio-active fatty acid 
(9-oxodec-2-enoic acid) from the queen bee which is 
apparently the active material responsible for at least 
one (cell inhibition) of the above phenomena. 

In the worker bee the mandibular glands have been 
shown by Barker et al. (1959) and Callow et al. 
(1959) to produce the principle lipid (10-hydroxydec- 
contained in the food of queen and 
Orosi-Pal (1957) 


worker 


acid) 
worker larvae. 
several other functions for 
gland secretion—e.g., manipulation of wax, moisten- 


2-enoic 
young sugested 
bee mandibular 
ing of cell bases prior to egg laying, and softening of 
cocoons during Simpson (1960) hy- 
pothesized a communicative role for the scented sub- 


stance in the worker mandibular gland secretion. 


emergence. 
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In order to study the significance of the worker 
and queen mandibular gland secretions within the 
normal environment of the colony, it seems necessary 
secretion from in- 


to control the dissemination of 


dividual bees which are normal in other respects. The 
concept of secretion control in the living organism 
may enable basic contributions on the physiological 
and behavioral functions of mandibular glands in in- 
dividual bees or at the colony level. A 
gland extirpation was developed for this purpose and 


method of 


a complete description is given herein. 


MANDIBULAR GLAND EXTIRPATION TECHNIQUE 


Morphological considerations indicated that gland 
excision might be accomplished more readily than 
duct ligation or mechanical blockage of the duct ori- 
fice. Excision of the glands was first accomplished 
through an incision in the basomesal membrane at 
the mandible articulation. However, the operation 
caused paralysis of the mandibles, presumably because 
of damage to either the abductor or the adductor 
muscle. Later it was discovered that gland excision 
through the genal cuticle wall is possible without any 
apparent adverse side effects. 

Before the operation is begun, the bee is anes- 
thetized lightly with CO. and mounted in the follow- 
ing manner. The head is fastened firmly against a 
wax surface by means of a V-notched piece of paper 
(fig. 1) fitted over the neck (cervix) while the bee 
is lying on its side. The paper collar is pinned to the 


Fic. 1—Small paper collar (10 x 13 mm.) with V- 
notch for fastening head of bee to wax surface. 


wax so that either the right or left gena is exposed 
for the operation. Access to the genal area is greatly 
facilitated by rotating the head so that the mouth- 
parts project above the horizontal plane by approxi- 
A magnification of 20 to 30 times is 
Before starting the incision, 


mately 25° 
generally satisfactory. 
the head is grasped with forceps to add the stability 
needed when cutting the cuticle. A  microscalpel 
(Bard-Parker Dissecting Knife Handle No. 4, equip- 
ped with a No. 11 knife blade) is used to make a 
(fig. 2), cutting from the ends 


The posterior side of the incision 


V-shaped incision 
toward the apex. 
extends from a point at the base of the eye to the 
apex, which is located slightly below the mid-point 
of an imaginary line between the posterior articula- 
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Fic. 2.—Semidiagrammatic drawing of head of queen 
bee, showing the proper positioning for mandibular gland 
removal. A, Mandibular gland; B, Cuticle “crimp line” 
where triangular cuticle flap hinges; C, Cuticle incision; 
D, Mandibular gland duct. 


tion of the mandible and the posterior side of the eye. 
The second cut begins very close to the anterior ar- 
ticulation of the mandible and ends at the apex of the 
V. The V-shaped incision creates a triangular cuticle 
flap which can be folded outward with forceps by 
crimping the cuticle along the side opposite the apex. 
Thus a large triangular aperture is created directly 
over the mandibular gland. The gland is grasped by 
the duct with fine-tipped forceps (watchmakers for- 
ceps, Peer No. 5, made in Switzerland). On pulling, 
the duct ruptures easily, allowing the intact gland to 
be pulled through the opening. Following gland ex- 
traction, the cuticle flap is crimped back into place to 
close the opening. No additional treatments or pre- 
cautions are necessary since the wound seals itself 
Before the second gland can be re- 
180° and mounted 


in a few hours. 
moved, the head must be rotated 
again in the same manner. 

Since the glands are usually turgid, some secretion 
occasionally escapes into the wound. There has been 
no indication that the success of the operation is im- 
paired by contamination of this nature. Sometimes 
a large drop of haemolymph appears at the opening 
immediately after a gland removal. However, this 
has not introduced any apparent difficulty, since the 
flow stops soon after the cuticle flap is folded down to 
close the opening. 


MANDIBULAR GLAND EXTIRPATION IN QUEEN BEES 

In the first experiment, newly emerged virgin 
queens were held without attendant workers in an 
incubator at 33° C. following gland excision. They 
were given queen candy (made of powdered sugar 
and honey) for food. Under these conditions queens 
died within approximately 30 hours. An examination 
of the honey stomachs revealed that they were es- 
sentially empty, suggesting the possibility that the 
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mandibular gland secretion of the queen bee might 
be used to dissolve sugar candy. Later, the mortality 
of these modified virgin queens virtually ceased when 
they were stored without attendants in small wire- 
cloth cages (apertures 3 x 3 mm.) placed in normal 
colonies where they were fed directly by worker bees. 

After successful gland extirpation virgin 
queens, mandibular glands were removed from mated, 
Both glands were excised from each 


trom 


laying queens. 
of four queens taken from glass-walled observation 
hives. These queens were returned to their respec- 
tive colonies by direct liberation and were accepted, 
although one queen initially was treated aggressively 
by the workers. No queen was away from any colony 
longer than 30 minutes. All four of these queens lived 
and from external appearances remained normal un- 
til they were removed later (2 weeks to 2 months; 
mean of 46 days). These modified queens were at- 
tended in a normal manner by workers and egg-laying 
activities appeared normal. All queens retained their 
capacity to inhibit queen cell construction. The bees 
in these colonies were allowed free flight for the 
duration of the experiment. 

A total of 25 mated, laying queens and 20 virgin 
queens have been modified successfully by mandibular 
gland removal. Of 19 laying queens introduced to 
colonies, 15 were accepted. None of the mortalities 
appeared to be attributable to the loss of these glands. 
Two of the queens were known to be “balled” agres- 
sively when introduced (balling denotes a tight clus- 
tering of workers around an object, usually the 
queen). This type of behavior might have been in- 
duced by gland contents accidentally contaminating 
the cuticle surface surrounding the incision site. 
Other experiments in this laboratory have demon- 
strated that mandibular gland contents, when pre- 
sented to worker bees, cause aggressive stinging be- 
havior, resulting in high worker mortalities. 


MANDIBULAR GLAND EXTIRPATION IN WORKER 
HONEY BEES 


A preliminary experiment was performed to de- 
termine if worker bees might survive mandibular 
gland removal. Eleven worker bees were randomly 
chosen and, after identification by a paint mark, 
both glands were removed from each. Six workers 
were placed alone in one cage, while five were placed 
in a second cage with five normal workers. Bees in 
both cages were given a feeder containing concen- 


Table 1—Number of confined worker bees surviving 
after extirpation of their mandibular glands’. 


Days after 
excision 


Cage 1 


6 
6 
6 
) 6 


7 5 


NoNehu 


a Cage 1 contained six such bees; and five were confined in cage 
2 together with five normal workers as controls. All of the con 
trols were alive at the end of 7 days 
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trated sugar syrup and placed in an incubator at 33 
C. Survival data are given in table 1. 

Although they were under the stress of confine- 
ment, the worker without mandibular glands 
compared favorably with controls insofar as survival 


bees 


time was concerned. 


DISCUSSION 


Mandibular glands do not seem to perform a vital 
function for individual bees, since queens and workers 
survived for extended periods of time after gland re- 
moval. However, the glands of many workers col- 
lectively perform vital functions at the colony level, 
especially in the secretion of brood food. 

The technique of mandibular gland excision might 
be a useful tool for studying the functions of mandi- 
bular glands in other insects. Mandibular glands are 
well developed in most species in the order Hymenop- 
tera 1895). Secretions from these glands 
have been discovered to function in 
e.g., as a trail marker to food sources (Lindauer and 
Kerr 1958), a sexual attractant (Kullenberg 1956), 
and an alarm odor (Wilson 1958). Basic phylogenet- 
ic trends might be established when the mandibular 
gland functions in many species are elucidated. 


( Bordas 


several ways, 
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Probable Parasitism Among Australian Bees of the Genus Allodapula 
(Hymenoptera, Apoidea, Ceratinini)' 


CHARLES D. MICHENER? 


University of Kansas, Lawrence 


ABSTRACT 


Allodapula associata, although equipped with pollen- 
collecting hairs, has been found in four different nests of 
A. unicolor (Smith) and is believed to be a social para- 


In the course of evolution of bees, social parasites 
(cuckoo bees) have arisen many times, as indicated 
by authors Griitte (1935) and Michener 
(1944). Parasitic often considerable 
series of features in common, as these authors have 
shown. Such features, which are the more striking 
the more distant the parasite is evolutionarily from 
its pollen-gathering ancestors, include (1) loss of 
the pollen-collecting (2) basitibial 
plates, (3) strong development of (4) 
development of an unusually long and mobile, or 
otherwise modified, apical part of the abdomen, and 
(5) development of an unusually strong and coarsely 
ridges or spines pro- 
These 


such as 


forms have a 


loss of 


the sting, 


scopa, 


punctate integument and of 
tecting the neck and base of 
features appear to be correlated with the lack of need 
to construct and provision nests and with the need 
for defense against hosts. The loss of the scopa is 
ordinarily regarded as the hallmark of parasitic bees, 
since forms without this structure usually cannot 


the metasoma. 


provision. their own nests. 

The species described below are interesting in that 
they exhibit none of the morphological features com- 
monly associated with parasitic behavior except a 
modification of the apex of the abdomen in females. 
Had they been taken only on flowers, they would 
Lack 
of the usual parasitic modifications may suggest that 
they have some behavioral characteristics that make 


never have been regarded as social parasites. 


retention of pollen collecting favorable. On the other 
hand, in the early stages of evolution of parasitism, 
the scopa and other structures of nest-making bees 
may well be retained, and there may be various spe- 
cies of bees, as yet unrecognized as parasites, which 


retain the scopa. 


PARASITISM IN CERATININI 
Parasitism appears to have arisen three times in 
the tribe Ceratinini, as follows: (1) The genus Eu- 
condylops, represented by a single South African 
species parasitic in nests of Allodape (Brauns 1902), 
lacks a scopa. (2) Exoneura excavata Cockerell® from 
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publication 
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United States government 

In a forthcoming 


separate genus. 


paper this species will be placed in a 


site. A. praesumptiosa is morphologically similar to as- 
sociata and probably also a social parasite, perhaps in 
nests of A. simillima (Smith). 


and is an undoubted 
nests of other Exonenra (Michener, 
(3) The species of Allodapula de- 
are thought to be parasites because 
has been found in nests of 


Australia has a_ short 
parasite in 


unpublished ). 


scopa 


scribed below 
one of them 
other species of Allodapula. 

The information on parasitism in 4. 
as follows. Individuals have been taken with pollen 
in the scopa, suggesting that they collect and may use 
pollen. However, in four different nests of Allodapula 
associata was found. 


(associata ) 


associata 1s 


unicolor (Smith), a female of A. 
In no case were significant data obtained on the be- 
In view of the similarity of 
first if the 
unusual 


havior of these females. 
associata, I wondered at 
represent 


There is evidence, 


unicolor and 
specimens called associata could 
morphological variants of unicolor. 
however, aside from the striking morphological dif- 
ferences described below, that they constitute different 
populations. In A. 
wing base may be black, white, or mixed, but in the 
inhabitants of any one nest these sclerites usually 


unicolor the costal sclerite of the 


have the same or nearly the same coloration. In 
two of the nests that contained a female of associata, 
the latter had a white costal sclerite, while the speci- 
mens of unicolor in the same nests had these sclerites 
black. Such striking differences in color were never 
found among the other individuals (mother and off- 
spring) in a nest of unicolor, nor in nests of its 
close relative, the equally variable Allodapula simil- 
(Smith). Thus it is highly probable that the 
called different 


lima 


individuals associata represent a 
genetic population from unicolor. 

The only evidence that A. praesumptiosa may be 
parasitic is its close morphological similarity to A. 


associata. 


COMMON CHARACTERS OF THE PROBABLY 
PARASITIC Allodapula 
The two species named below agree with species of 
Allodapula such as simillima and unicolor in most of 
few of which (based on females 
Body and appendages black, 


their features, a 
only ) are as follows: 
margins of abdominal segments narrowly dark brown; 
pubescence sparse, whitish, scopa dull white; cream- 
colored mark extending full width of clypeus above, 
but tapering toward lower clypeal margin; posterior 
lobes of pronotum cream-colored; tegulae translucent 
dark brown, black mesally. Face slightly broader 
than long; malar space shorter than or subequal to 
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flagellar width; scape reaching anterior ocellus (as 
in unicolor; it usually reaches the posterior ocellus 
in simillima). Punctation as in wunicolor except as 
described below. 

Both species differ from unicolor and simillima in 
the following features: Punctation of last three meta- 
somal terga coarser than in many (but not all) speci- 
mens of unicolor and simillima; punctation of disc of 
sixth metasomal tergum at least as coarse as and 
often coarser than that of fifth, usually with irregular, 
longitudinal, median impunctate zone (in unicolor 
and simillima sixth tergum usually more finely and 
closely punctate than fifth); longer hairs of discs of 
fourth to sixth terga simple, erect, tapering, often 
blunt at apices, sometimes longer than in unicolor 
and simillima, but those of tergum usually 
shorter than in unicolor and simillima; sixth tergum 
scooplike, posterior 
somewhat 


sixth 
with dorsal surface concave, 
lateral margins produced into 
shoulders, behind which the margins are strongly 
apex not notched but entire, not 
short unicolor and 


elevated 


concave (fig. 1), 
hidden 
stmillima. 


by dense, hairs as in 


Fic. 1.—Left: dorsal and lateral views of apex of ab- 
domen of Allodapula unicolor (Smith). Right: same. of 
Allodapula associata, new species. 


SYSTEMATIC ACCOUNT 
Allodapula associata, new species 


Agrees with characters listed in preceding para- 
graphs. Differs from praesumptiosa by the follow- 
ing characters. 

FEMALE.—Length 5.5 to 7.5 mm. (holotype nearly 
7 mm.); width of head 1.40 to 1.90 mm. (holotype 
1.83 mm.). Flagellar segments (except last) often 
all broader than long, but in holotype and various 
others 10th and 11th antennal segments slightly longer 
than broad. Cream-colored mark of clypeus usually 
rather broad, lower half usually nearly as broad as 
black lower lateral part of clypeus; costal sclerite of 
Basitibial plate not 
weak 


wing base white or yellowish. 
evident or (as in holotype) indicated by a 
carina apically, rarely elevated as much as in unicolor. 
Pubescence of fourth to sixth metasomal 
terga as in unicolor (see Michener and Syed, in 
preparation), but hairs of sixth tergum sparser and 


markedly shorter than those of others. (Specimens 


discs of 
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from Wandoo Station, Eidsvold, and Marecha, and 
some of those from Yaamba, have hair of discs of 
fourth and fifth terga unusually long, twice as long 
as greatest antennal diameter. ) 

Holotype Female: Mount Edwards, southern 
Queensland, September 29, 1958 (C. D. Michener). 
Eleven female paratypes from Queensland, as fol- 
lows: One, taken with holotype; one from Eidsvold, 
September 8, 1929; one from Mackay, March 1900, 
on Eucalyptus (Turner) ; one from Marecha, January 
23, 1955 (G. B., A. N. Burns collection) ; three from 
Wandoo Station, 36 miles southwest of Sarina, 
August 10, 1958, one of them from nest no. 17 of 
A. unicolor (C. D. Michener) ; three from Yaamba, 
August 11, 1958, one of them from nest no. 12, one 
from nest no. 39 of A. unicolor (C. D. Michener) ; 
one from Moggill, near Brisbane, July 19, 1958, 
from nest no. 1 of A. unicolor (C. D. Michener). An 
additional paratype is from Moree, New South 
Wales, March 1923 (A. P. Dodd). 

The holotype will be placed in the Queensland 
Museum, Brisbane. Paratypes are in the collections 
of the British Museum (Natural History); the A. 
N. Burns collection, Melbourne; the Snow Entomo- 
logical Museum, The University of Kansas; and the 
C.S.I.R.O. collection, Canberra. 

Four specimens from Prince of Wales Island, Cape 
York Islands, Queensland (A. J. Kusche) in the 
collection of the Bishop Museum, Honolulu, proba- 
bly represent another species. They differ from A. 
associata in having the tegulae, at least their outer 
portions, transparent rather than translucent brown. 
Otherwise they agree with the specimens of associata 
from Wandoo Station, etc., mentioned in the descrip- 
tion above. 


Allodapula praesumptiosa, new species 


Agrees with common characters listed above. Dif- 
fers from associata in the following features. 
FeMALE.—Length 6.5 to 8.5 mm. (holotype 7 mm.) ; 
width of head 1.97 to 2.23 mm. (holotype 2.13 mm.). 
Tenth and eleventh flagellar segments longer than 
broad. Cream-colored mark of clypeus with lower 
part rather slender, much less than half as broad as 
lower lateral black part of clypeus: 
of wing base black or dark brown, sometimes whitish 
basally. Basitibial plate defined posteroapically by a 
distinct carina which is strongly elevated apically as 
in stmillima. Hairs of discs of fourth to sixth meta- 
somal terga about as in unicolor (see Michener and 
sixth tergum 
others. 


costal sclerite 


Syed, in preparation), but those of 


sparser and markedly shorter than those of 


(Specimens with longer hair, such as are often found 


in associata, uncommon in available material. ) 
Holotype Female: Mackay, Queensland, April 1899, 
Nanthorrhoea. Twenty female para- 
March, April, May, August, 
1899, January and April 
include 


on flowers ot 
types, same locality, 
October, and December 
1900. Flower 
Nanthorrhoea, Cassia, and Eugenia. 


records for the paratypes 
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All the types are from the Turner collection in the 
British Museum (Natural History), except for one 
paratype, from the Turner collection, in the 
C.S.1.R.O. collection, Canberra, Australia. 

Judging by its size and close relation 
this species probably lives in the nests of 
A. simillima, which was taken on flowers with it in 
great numbers at Mackay. 


also 


to A. as- 


sociata, 
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The Response of Oncopeltus fasciatus to Limited Areas of the Electromagnetic 
Spectrum” 


HAROLD 


9 


J. BALL 


University of Nebraska 


ABSTRACT 


Adult O. fasciatus (Dall.) were exposed in boxes offer- 
ing a two-choice situation between various wave lengths 
in the visible spectrum. Opaque and clear exposures were 
similarly tested. In any given color combination, more 
insects chose the shorter wave length. These results are 


The behavior of various species of insects ex- 
posed to different wave lengths of the visible and 
near-visible electromagnetic spectrum has been of 
interest to entomologists and naturalists for many 
An explanation as to why insects prefer one 
spectrum over another has not 
been speculated upon. Although considerable work 
has been done concerning the relative attractive 
qualities of various spectral regions to many species 
of insects, consideration has not been given to such 
particulars as comparable light intensities, specific 
wave lengths or statistical analyses of data. The in- 
availability of proper instrumentation at the time 
was partially responsible for such omissions. 

Ball (1958) indicated that exposure to longer 
wave lengths of light in the visible spectrum resulted 
in growth inhibition and decreased reproductive ac- 
tivity in some species of insects including O. fasciatus. 
The purpose of this work was an attempt to correlate 
the response or preferential behavior of one species of 
insect to various wave lengths with the inhibitory 
effects noted above. The following references have 
been selected to point out that insect species other 
than the one used in this study respond similarly to 
various wave lengths of light in the visible spectrum. 
At present there is no explanation as to why insects 
generally prefer the shorter wave lengths. 

Weiss et al. (1941) exposed approximately 4,500 
coleopterous insects to various wave lengths of light 
in an octagonally shaped apparatus having eight 
differently colored filters placed around the perimeter. 


years. 


area of the visible 


1 Published with the approval of the Director as 
1070, Journal Series, Nebraska Agricultural Experiment 
Accepted for publication January 9, 1961. 

2 This study was partially supported by 
National Science Foundation. 
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Station. 


a grant from the 


interesting because in general the longer wave lengths 
are more deleterious in nature than the shorter wave 
lengths. The location of photoreceptors other than ocelli 
and compound eyes is speculated upon. 


The insects were placed in the center and counts were 
made periodically to determine the numbers of insects 
selecting one “color” in favor of another. Unfor- 
tunately this sort of equipment allowed for a “mixing” 
of several colors and the choice made by a given in- 
sect may not have been truly representative of a re- 
sponse to a more limited region of the spectrum. 
The results indicated that 72 percent of the insects 
responded to one of the wave length bands: 33 per- 
cent to the wave length band 470-528 my, 14 percent 
to 412 to 470 mu, 14 percent to 494-566 my, and 11 
percent selected wave length band 365 to 366 my 
(uv). Twenty-eight percent remained in the center 
of the apparatus and did not respond. 

Bertholf (1931), in his early work on the honey 
bee, disclosed that two spectral areas (265 and 553) 
were most active. The relative stimulative efficiency 
decreased as the wave length increased. Gui et al. 
(1942) concluded that the order of increasing at- 
tractiveness for the colors used for nocturnal insects 
follows: red, yellow, white light, and blue. 
Specific wave lengths were not recorded. In a more 
recent paper Stermer (1959) used monochromatic 
light to determine the spectral response of six species 
of grain insects to electromagnetic radiation. Ephes- 
tia cautella (WIk.), Sitroga cerealella (Oliv.), 
Rhyzopertha dominica (F.) and Tribolium castaneum 
(Hbst.) preferred a wave band near 500 my. As 
a secondary preference these species selected a wave 
band between 334 and 365 mp. Plodia interpunctella 
(Hbn.) reversed this preferential order. All species 
tested exhibited low response at 600 mp. Stermer 
(1959) also concluded that wave length preference 
may change depending upon the choices offered. Bol- 
wig (1946) found that house fly larvae were most re- 


Was as 
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active to green around 520 mp. There was no re- 
action to red, and they reacted only to intense blue, 
violet, and purple. The area responsible for such 
discrimination, Bolwig noted, was located above the 
condyle spine of the main section of the pharyngeal 
skeleton and contained a cluster of rounded sensory 
cells. When this area was destroyed the larvae were 
blinded. 


MATERIALS AND METHODS 


The adult stage of the large milkweed bug, Onco- 
peltus fasciatus (Dall.), was used exclusively in these 
experiments. The insects were obtained from an in- 
bred culture which has been maintained 
years in the University of Nebraska Insectary. The 
insects were reared on milkweed seeds and water. 


for over 7 


The insects were exposed to light in boxes 8% 
inches long, + inches high, and 3% inches deep. The 
back, bottom, and sides were constructed of wood 
grooved to receive the slides. The top and front of 
each box held two 3%- by 4-inch glass slides which 
completed the enclosure. In order to provide a two- 
choice situation, the top and front of the left half 
of each box held slides of one color; the right half, 
then, contained slides of a second color. 

Four boxes or replicates were used to test each com- 
Twenty adult insects were 
Water and milkweed seeds 


bination of two colors. 
introduced into each box. 
were provided in both sides, or under each color, of 
the exposure boxes. One day was allowed for normal 
dispersion in the boxes before the first counts were 
made. Thereafter counts were made twice daily by 
sliding out the top filter on each side of the boxes 
and counting the number of insects resting under one 
color or the other. The first count each day was never 
made until the light source had been on for at least 
3 hours. Counts were made on a given color com- 
bination over a period of 15 to 21 days or through 30 
to 42 individual counts. 

The glass slides mentioned above were covered 
with colored cellophane to provide the desired wave 
length. One or more layers of cellophane were used 
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Fic. 1—Percent transmittance of indicated filters at 


various wave lengths. 


BALL: RESPONSE OF Oncopeltus fasciatus TO ELECTROMAGNETIC SPECTRUM 


depending on the peak wave length transmittance of 
the particular color used. 
ble <o obtain comparable light intensities transmitted 
at the peak wave lengths for blue (440 mp), green 
(500-520 my), yellow (560-700 mu), red (600-700 
mp), and “far red” (680-700 mp) filters. Transmit- 


In this way it was possi- 


tance curves for these colored filters are presented 
in figure 1. 

The light source consisted of three 30-watt day- 
light-type fluorescent lamps placed 1 foot from the 
top of the exposure boxes. At this distance the in- 
tensity of “white light” ranged from 150 to 160 foot- 
candles. The lights were on for 12 hours daily. Dur- 
ing the remainder of the day the boxes were exposed 
to incident room light. Various phototubes, each 
specifically sensitive to different areas of the visible 
spectrum, were used to determine the light trans- 
mittance through the various filters. This informa- 
tion was used to resolve the number of layers of cello- 
phane required for a given filter. 

The following color combinations were tested: Far 
red and red; far red and yellow; far red and green; 
far red and blue; blue and green; blue and yellow; 
yellow and red; red and green; and yellow and green. 
All color combination tests were repeated at least 
twice; several combinations, especially those involv- 
ing far red, were tested three or more times. Statisti- 
cal analyses (‘‘t’? tests) were conducted on each in- 
dividual test based on the numbers of insects found 
resting under one color or the other. 

In several pilot conducted by the 
author, opaque and clear slides were used in place 
of the colored filters. In one experiments 
normal insects with unpainted eyes and ocelli were 


experiments 
series of 
used. In a second series of tests the ocelli, compound 
eyes, and the head capsule were covered with an 
opaque paint consisting of shellac, carbon black, and 
alcohol. 
scope, the head capsule appeared to be thoroughly 


From observation under a compound micro- 
covered with paint. Insects so painted were con- 
siderably less active and made no effort to avoid 
obstacles placed in their path. It 
apparent that the insects were blinded. The response 
ot painted insects to light was compared to the re- 


therefore seemed 


sponse of normal, nonpainted adults. 


RESULTS AND DISCUSSION 


For purposes of brevity the results of similar tests 
have been averaged and are presented in table 1. 
The differences between the color treatments of the 
individual tests before averaging were significant at 
the 1 percent level except for the yellow-red combina- 
tion which was significantly different at the 2 percent 
level. The combinations red-green and far red-yellow 
were not significantly different. 

In the pilot studies using opaque and clear slides 
with normal insects, approximately twice as many 
insects rested under the clear or light area of the 
box as those found under the opaque or black part 
of the box. When the insects were painted and vision 


obscured the ratio of insects resting under the two 
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Table 1 Average number of O. fasciatus (Dall.) in 


each of the indicated color combinations. 


Far Red 
680-790 
mz) 


Peak 
wave 
length 


Color Green Yellow Red 


bo 


4.04 
6.24 


Blue 440 mu 


NAN GN 
WN uit 


to 


— 
bho 


Green 500-520 mu 


560-700 mu 


Yellow 


600-700 mu 


number in each box refers to the colors at the left 
op number to the colors at the top of the table. 
All other combinations significant at the 1% 


1, which was significant at the 2% level 


areas remained almost exactly the same as normal, 
unpainted insect. 

\s previously stated, the purpose of this work was 
an attempt to correlate the preferential color response 
of O. fasciatus with earlier work by Ball (1958) which 
indicated that exposure to wave lengths of light in 
the red and far red region of the visible spectrum 
The results here 
red are considerably less 


produced some deleterious effects. 
indicate that red 
attractive (or more repellent) than green or blue. 


and far 


Also, in those combinations having far red as one 


of the color choices, the total mortality at the end of 


the test period was higher than combinations lacking 


far red as a possible choice. In general more insects 
chose blue, the shortest wave length tested, than any 
other color. The reverse is true concerning far red. 

These results are in agreement with earlier work 
by Bertholf (1931), Weiss et al. (1941), Gui et al. 
(1942), Bolwig (1946), and Stermer (1959), all of 
whom indicated that the shorter visible wave lengths 
were relatively more attractive than the longer wave 
lengths. It is possible to consider that the insects were 
“avoiding” the longer and more harmful wave lengths. 
That they “chose” the shorter wave length, especially 
when red or far red two 
choices, because the shorter wave lengths are less 


were offered as one of 


injurious is anthropomorphic speculation. However, 


the data do seem to indicate that this is possible. 
There seems to be, then, a correlation between the 


deleterious effects of the longer wave lengths of 
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visible light and the preferential color response of 
O. fasciatus. It can only be intimated that this may 
be true also for other insects preferring the shorter 
wave lengths. 

Some consideration should be given to the site of 
photoreception in O. fasciatus in addition to those 
photoreceptors usually found on the head. The pres- 
ence of such light-receptive organs in insects, how- 
In an excellent and com- 
invertebrate photoreceptors, Milne 
and Milne (1956) cite few references to insect photo- 


ever, is poorly established. 
plete review of 


receptors excluding ocelli, stemmata, and compound 
(1946) paper is an exception, and 
has been cited here previously. photo- 


eves. Bolwig’s 
However, 
receptors other than those located on the head have 
been described in arthropods and especially in the 
crustacea. Welsh (1934) and Proser (1934) in 
separate papers concluded that the sixth abdominal 
ganglion of Cambarus virilis and C. clarkii was func- 
tionally photosensitive. No other region of the cray- 
fish was similarly sensitive to light. Although the 
studies presented here are limited in scope, apparently 
O. fasciatus (Dall.) may possess some type of photo- 


receptor other than those found on the head. 
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ABSTRACT 


When the CSMA larval medium was supplemented 
with cholesterol, viable egg production from adult house 
flies (Musca domestica L.) ted on a sterol-deficient syn- 
thetic diet was about double that found for flies reared 
on the nonsupplemented medium. In contrast, there was 
no increase in viable egg production when {-sitosterol 
was used to supplement the medium. Analysis of female 


The adult house fly, Musca domestica L., is unable 
to synthesize sterols from C"'-acetate (Robbins et al. 
1960), but utilizes a high percentage of injected 4-C"- 
cholesterol in egg production (Kaplanis et al. 1960). 
Recently, dietary cholesterol was found to be neces- 
viable egg production (Monroe 
there apparent 


sary for sustained 
1959, 1960). Furthermore, 
storage of sterols from the larval diet, because egg 
hatch did not approach zero until about the fourth 
collection, when flies 
deficient synthetic diet. 

This paper reports the effect of 
B-sitosterol in the larval diet on sterol storage and 
reproduction in the adult house fly. 


Was an 


were fed on a _ cholesterol- 


cholesterol and 


MATERIALS AND METHODS 
Three-liter battery filled with 1,830 
grams wet weight of CSMA medium’ (1955), which 
before the addition of liquids had been coated with 
sterols’ employing diethyl ether as the solvent. Each 
sterol tested in duplicate, and 
medium treated only with diethyl ether served as a 


jars were 


concentration was 
control. 

Approximately 2,500 added to the 
medium. Following pupation, the puparia were har- 
vested and randomized aliquots of 600 were placed 


eggs 


were 


in cages and the flies allowed to emerge. These flies 
were fed on a synthetic diet without sterol. The 
methods used for determining total egg production, 
hatch, and larval viability were as previously reported 
(Monroe 1960), but with the following modifications : 
Plastic bags (4x2x8 inches) were placed in pint 
waxed containers and filled with CSMA medium. Fil- 
ter paper’ saturated with water was placed on top 
of the medium and the eggs added. After 24 hours 
the filter paper was removed, placed in a petri dish, 
and the hatch determined. Larvae that adhered to the 
paper were rinsed into the medium with small aliquots 
of water. This procedure permitted adult emergence 


1 Accepted for publication January 9, 1961. Presented at 
the annual meeting of the Entomological Society of America, At- 
lantic City, N. J., November 28, 1960 

The CSMA medium used in these tests contained 0.1% 
3-4-hydroxy sterols (dry weight) as determined by digitonin pre- 
cipitation. 

3 The cholesterol was USP grade received from Nutritional 
Biochemicals Corp., Cleveland, Ohio, and the g-sitosterol was ob- 
tained from Aldrich Chemical Co., Milwaukee, Wis. (m.p. 139.4°- 
141.3° C.). 

* Reeve Angel No. 230, 5.5 cm. diameter. 
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house flies showed no correlation among concentration of 
dietary sterol, sterol content of the flies, and viable egg 
production. which indicated that a qualitative rather than 
a quantitative change in the sterol content of the medium 
was responsible for the observed phenomenon. This quali 
tative difference was further substantiated when 
terol and f-sitosterol were compared in the adult diets. 


~} ] 
choles- 


to be calculated accurately from the number of viable 
eggs. 

The remaining puparia were pooled according to 
sterol concentration and placed in cages. The adults 
allowed to and 
and water, and after 3 days were harvested and kept 
at —30° C. until analyzed. The flies 
homogenized in an all-glass homogenizer with water, 
and the homogenate refluxed with four volumes of 
ethanol-acetone mixture (1:1) for 1% hours. After 
and 


were emerge were fed on sucrose 


female were 


filtration, the solvents were removed in 
the remaining aqueous fraction extracted with six 
double volumes of diethyl ether. 
were saponified (Cook 1958), and the sterols 
arated by column chromatography (Robbins et al. 
1960). The then 
digitonin after a modification of Sperry and Webb 
(1950), and the total sterols determined gravimetri- 
cally. 


vacuo 


The ether extracts 
sep- 
sterols with 


were precipitated 


The effectiveness of B-sitosterol in supporting egg 
production, hatch, and larval viability was determined 
by feeding adult flies the synthetic diet containing 
0.1% and 0.2% B-sitosterol. These tests 


ducted in duplicate. 


were 


con- 


RESULTS 


When the larval medium was supplemented with 
0.1%, 0.5%, and 1.0% cholesterol, the viable 
production from these adult flies fed on a sterol- 
deficient synthetic diet was about double that found 
for the control (table 1). 


ess 


there was no 
increase in viable egg production over the 10-fold 
range from 0.1% to 1.0%. The analysis of female flies 
for total 3-8-hydroxy sterols failed to show any re- 


However, 
% 
Table 1. 


content of 


Viable egg production and sterol 
female house flies reared on larval medium supplemented 
with cholesterol. 


Milliliters of Tissue concentra- 
viable eggs per tion of sterols” 
100 flies* (eg. per fly) 


Cholesterol added 
to larval medium 


(% 


o wet wt.) 


Control : 10.! 
0.1 a 9.: 
0.5 : 13. 
1.0 1 


a Average of duplicate tests. 
b Based on cholesterol. 
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lation among sterol concentration in the diet, sterol 
content the flies, and viable production. 
In another series of tests the C-29 phytosterol, 
B-sitosterol, was added to the larval diet at the con- 
centration previously used for cholesterol, and choles- 
terol tested at 0.01% and 0.001% (table 2). 


ergo 


or ss 


Was 


Table 2—Viable egg production and sterol content of 
female house flies reared on larval medium supplemented 
with either §-sitosterol or cholesterol. 

Tissue concentra- 
tion of sterols? 

(mg. per fly) 


Milliliters of 
viable eggs per 
100 flies* 


Sterol added to 
larval medium 
wet wt.) 


c 
( “/c 


1.4 10.9 


Control 


B-Sitosterol 
0 
() 


Cholesterol 
0.001 
0.01 


icate tests 
n cholesterol 
B-Sitosterol at 1.0% appeared to cause a very slight 
increase in viable egg production but was ineffective 
at 0.5% 0.1%. Cholesterol at 0.01% 
viable egg production of about twice that found for 
the unsupplemented controls, whereas cholesterol at 
0.001% behaved similarly to the nonsterol-supple- 
mented larval diets. The results of sterol analysis of 
the no relation 
concentration of dietary sterol, sterol content of the 


and gave a 


female flies again showed among 
flies, and viable egg production. 

To determine the effectiveness of B-sitosterol for 
supporting viable egg production, this compound was 
compared with cholesterol when fed to adult flies 
(table 3). Eggs from the B-sitosterol-fed flies showed 

Table 3.—The comparative effectiveness on egg 
duction and hatch of -sitosterol and cholesterol 
fed to adult flies in a synthetic diet. 


pro- 
when 


Milliliters of eggs ; ° 
per 100 flies Cumulative 
concentration % 
% hatch 


Total Viable 


af 
Sterol 


Cholesterol* 
0.1 

B-Sitosterol' 
0.1 


0.2 


3} tests 
b 


a Average of 
\ 


erage of duplicate tests. 


a cumulative hatch of about 77% as compared with 
92% tor the cholesterol-fed flies. A twofold increase 
in the concentration of B-sitosterol in the adult diet 


gave no increase in the number of viable eggs 


produced. 
DISCUSSION 


When cholesterol was added to the larval diet. the 
viable egg production was about doubled, even when 
this sterol was used at only about one-third the con- 
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centration of the naturally occurring 3--hydroxy 
sterols present in the CSMA medium. However, a 
100-fold increase in the cholesterol concentration, 
from 0.01% to 1.0%, gave no improvement in viable 
egg production. This indicated that the sterol-storage 
capacity of the flies had been saturated at the lower 
concentration or that the improvement observed was 
because of a qualitative rather than a quantitative 
change in the sterol content of the larval medium. 
The latter possibility was substantiated by a lack 
of correlation between the sterol content of the fe- 
flies, the sterol concentration the medium, 
and the quantity of viable eggs produced. 
Cholesterol is considered to be primarily a zoosterol, 
and is generally not present in plant materials. Since 
the naturally occurring sterols in the CSMA medium 
are phytosterols, the increase in viable produc- 
tion might well be because of the more efficient utili- 
zation of cholesterol for reproduction in the house 
fly. This latter possibility was confirmed when the 
larval medium was supplemented with the C-29 sterol, 
B-sitosterol, which is one of the most common and 
widely distributed of the phytosterols (Bergmann 
1953). Even 1.0% of this sterol resulted in only a 
negligible increase in viable egg production and thus 


male otf 


or or 
ess 


established that the increase was because of a qualita- 
tive rather than a quantitative difference in dietary 
sterols. This was further substantiated when choles- 
terol and B-sitosterol were compared in the adult diet. 

The above data would indicate that cholesterol and 
B-sitosterol are not equivalent for reproduction in the 
house fly. This evidence is in keeping with the data 
of Levinson and Bergmann (1957) on the relative 
effectiveness of cholesterol and the phytosterols for 
supporting growth and development in the larvae of 
Musca vicina Macq. 

No cholesterol was detected in house flies reared 
on CSMA medium. In addition, biochemical studies 
using H’*-8-sitosterol showed no detectable conversion 
of this compound to cholesterol by the larvae or adult 
house flies (unpublished data, this laboratory). How- 
ever, Bergmann and Levinson (1958) reported that 
although B-sitosterol was present in large quantities 
in the pupae of Musca vicina Macq., reared on wheat 
bran, this insect either accumulates or converts com- 
pounds that are present in wheat-bran to 
sterols which will support growth in Dermestes vul- 
pinus Fabr., an insect which can only utilize com- 
pounds which contain the cholestane side chain. 

Recently Clark and Bloch (1959) have reported 
experiments that indicate that sterols may play a 
dual role in insects, serving both as structural units 
Perhaps 


sterols 


and as precursors for essential metabolites. 
in the house fly, cholesterol is more efficiently utilized 
than £-sitosterol in reproduction, either because it is 
more readily converted to an essential steroid metabo- 
lite, or because the cholestane analog of the metabolite 
has higher biological activity. 
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ABSTRACT 


Larvae of the Trinidad DDT-resistant strain when 
placed in DDT ‘suspensions excreted long streamers of 
peritrophic membrane containing quantities of unabsorbed 
DDT. A resistant strain from Puerto Rico showed this 


In comparing DDT-resistant and susceptible strains 
of Aedes aegypti for their content of the nontoxic 
metabolite DDE, Chattoraj & Brown (1960) found 
that the resistant strains came to contain more DDE 
than the susceptible after 24-hour exposure to 1 p.p.m. 
DDT. However, in comparing successive generations 
within a single strain, some of which were more re- 
sistant and some more susceptible, they found no 
correlation between DDT-resistance and DDE con- 
tent. 

In the present study, therefore, attention was fo- 
cussed on the excretion of DDE and DDT. It im- 
mediately became evident that larvae of the Trini- 
dad strain on exposure to DDT were excreting long 
streamers of what was apparently the peritrophic 
membrane. The nature of this material was therefore 
characterized, and the degree to which it was en- 
crusted with DDT and DDE was estimated. Compari- 
son was then made between strains of different re- 
sistance or susceptibility, with respect to their ex- 
cretion of peritrophic membrane, and of DDT and 
DDE; finally, the amounts of these compounds ex- 
creted with the membrane were compared with those 
retained in the body. 


MATERIAL 
The following strains were reared on a larval diet 
of 9 parts brewer’s yeast powder and 1 part blood 
albumin, the water being treated with 10 p.p.m. 
streptomycin :- 
Guelph, susceptible, derived from a single female 
of the Orlando strain, 


1 Accepted for publication January 25, 1961. 


property, but resistant strains from Malaya did not. Nor- 
mal strains when placed in DDT excreted little of the 
membrane. 


N.I.H., susceptible, obtained from the National In- 
stitutes of Health, 

Trinidad-R, resistant, 
West Indies, 

Trinidad-S, susceptible, a 
isolate of the above strain, 

Key West, tolerant, originated from Key 
Fia., 

Cucuta, tolerant, originated 
eastern Colombia. 

Isla Verde, DDT- and dieldrin-resistant, originated 
from Puerto Rico, 

Penang-S, susceptible, 
Island, Malaya, 

Penang-R, DDT-resistant, developed by 
tory pressure from above strain, 

Malathion-resistant, developed by malathion pres- 
sure from Penang strain. 

The susceptibility levels were assessed by the stand- 
ard WHO method for mosquito larvae. 


originated from Trinidad, 


mutant-type 
West, 


from Cucuta, north- 


originated from Penang 


labora- 


METHODS 


Larvae in the third to fourth stadia were exposed 
for 24 hours in pans containing 1250 ml. distilled 
water to which 1 p.p.m. DDT had been added from 
ethanolic solution. The excreted streamers 
tested for chitin by the method of Campbell (1929), 
being hydrolysed in saturated KOH at 160° C. for 
25 minutes. dehydrated in 95% ethanol, and stained 
with 0.2% iodine in KI followed by 10% H.SOx. 
The DDT and DDE in the membranes were identified 
by means of the ultraviolet absorption spectrum of a 
cyclohexane extract. Quantitative estimation of DDT 
and DDE for each strain was made by separating the 


were 
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membranes from 200 larvae onto microscope slides 
by means of dissecting needles, extracting them on the 
slides with 50 ml. CCly, and assaying the extract by 
the method of Schechter et al. (1945). Quantitative 
estimation of the weight of membrane excreted by 
each strain was made from another set of 200 mem- 
branes which were transferred from the slide by 
means of a needle onto an aluminum weighing-pan, 
dried to constant weight over a 40-watt lamp, and 
weighed; since about a quarter of the material was 
unavoidably left behind on the slide, the dried mem- 
branes from the pan were also extracted with CCl, 
and assayed for DDT and DDE content to obtain the 
weight of peritrophic membrane per unit of DDT 


and of DDE. When these two ratios were applied 


respectively to the values for DDT and for DDE 


previously obtained by direct extraction from the 
microscope slides, they yielded two figures for the 
weight of peritrophic membrane (i.e., on its DDT 
content and on its DDE content) from which an 


average value was obtained. 
RESULTS 

Upon microscopical examination, the streamers 
appeared to be tubular, an opaque pearly-white in 
colour, and to be encrusted internally with creamy- 
white granules. After hydrolysis and treatment with 
iodine, the tubes stained predominantly a pale brown, 
but there were areas tinged with violet. When tubes 
were broken out into flat lamellae, scattered areas 
stained a bright violet, thus showing their chitinous 
nature. 

The streamers originated from the anus of the 
When the alimentary canal was dis- 


larva (fig. 1). 
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sected out, it became evident that they were a con- 
tinuous tubular membrane extending up the length of 
the mid-gut as far as the oesophageal valve. The 
production of peritrophic membrane by the cardial 
cells bordering the annular press around this valve 
has been described and figured by Wigglesworth 
(1930) for larvae of A. aegypti. 
Observation of larvae ot the Trinidad 
strain after exposure to 1 p.p.m. DDT revealed that 
they excreted membranes reaching a length of 3 
mm., about half as long as the mature larva; sub- 
sequently, lengths of the membranes would break off 
into the water, usually after being first caught up on 
the body hairs (fig. 2). At the end of 24 hours ex- 
posure, some 90% of the larvae would be carrying 
membranes either on the anus or on the hairs, the 
picture being similar whether they had succumbed to 
the DDT or not. Larvae of susceptible strains placed 
in 1 p.p.m. DDT excreted very short lengths of mem- 
brane, never exceeding 0.5 mm. even when they sur- 
vived the exposure; only 30% of the larvae carried 
membranes sufficiently long for examination. Neither 


resistant 


resistant nor susceptible strains excreted any peri- 
trophic membrane in the absence of DDT. 

When the membranes were extracted with CCl, 
or cyclohexane they became transparent; the creamy- 
white granules had been dissolved. When the cyclo- 
hexane extract examined in a Beckman DU 
spectrophotometer, it showed a UV absorption spec- 
trum between 240 and 200 millimicrons wavelength 
closely approximating that given by a mixture of 3 
parts DDT and 1 part DDE, and in agreement with 
the spectra figured for DDT and DDE by Herriot 
(1946). 


was 


Fic. 1—Peritrophic membrane projecting from anus of acgypti larva of the Trinidad 


resistant strain exposed to 1 p.p.m. DDT for 24 hours. 





ABEDI AND BROWN: PERITROPHIC MEMBRANE AS A VEHICLE FOR DDT EXCRETION 


Fic. 2.- 


adhering to the body hairs. 


Larvae of each of four strongly DDT-resistant, two 
moderately tolerant, and four susceptible strains were 
exposed to 1 p.p.m. DDT for 24 hours. In 
membranes taken 200 
assay of DDT and DDE, and this determination was 


each 
case, were from larvae for 
duplicated; another 200 membranes were taken for 
dry weight and DDT and DDE content. The aver- 
age results are expressed as micrograms DDT and 
DDE and milligrams peritrophic membrane excreted 
per 100 larvae (table 1), which may be compared 
with the DDT-susceptibility level as determined by 
the larval LC... 


DDE 


Various 


Table 1 Excretion of DDT, 
membrane by 100 larvae of 
1 p.p.m. DDT for 24 hours 


and _ peritrophic 
strains exposed to 


DDE 


micrograms 


It is evident that the DDT-resistant Trinidad strain 
excreted nine times as much peritrophic membrane as 
its susceptible counterpart. The Isla Verde strain 
also excreted much more of the membrane than the 
But the Penang DDT-re- 
sistant strain, and the Malathion-R strain which like- 


susceptible strains did. 


Peritrophic membranes excreted by 


resistant A. aegypti larvae, with fragments 

wise is derived from the same stock, did not excrete 
very much more membrane than the original Penang 
The DDT-tolerant strains from 
Key West and Cucuta excreted only small amounts of 


susceptible strain. 


membrane. 

When the amounts of DDE with the 
membrane are considered, it that the 
resistant strains (with the exception of Malathion-R ) 
about three this 
than normal strains. great difference 


1 


is in the amount of DDT excreted with the membrane, 


excreted 
can be seen 


excreted times more of metabolite 


However, the 


which was 5 to 15 times more in the resistant strains 
except Malathion-R) 
The Penang-R 

DDT as the Penang 
strain, although there had been little increase 


(again than the susceptible 


strains. strain excreted 


seven time 


as much original 


suscepti 


duction of peritrophic membrane 


DISCUSSION 


Che present findings constitute an addi 
partial correction to the results re 
(1960 The fi 


and DDE they reported are 


ported by ( 


and Brown gures for internal 
too high by about 20 


since this was found to be the approximate proportion 


of these compounds ren 


pieces ot 


aining with the few 


peritrophic membrane trapped on the 


1 


papillae after the water rinse before larval assay 
DDT and DDI 
tabulated (table 


for comparison with the figures for 


figures for internal content of 


rected by a factor of 0.8 are 


excretion of 
compounds found on the peritrophic 


DDT and 


4 1 
+ hours are 


memb1 
DDE ey 


ibout equal 


is seen that the amounts of 
to tl 


suscepti- 


DDI 


on the membrane in 
amounts retained in the body, in the case of 
ble strains. In ount of 


excreted is less than that retained, but the an 


resistant strains the an 


ount ot 
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Table 2—Internal production of DDT and DDE and 
their excretion on the peritrophic membrane by 100 larvae 
of various strains exposed to 1 p.p.m. DDT for 24 hours. 

DDT :micrograms DDE:micrograms 

In On In On 

Bodies Membrane Bodies Membrane 


Susceptible strains 
Guelph 2.6 
Trinidad-S 6.3 
N.I.H. 4.8 
Penang-S 4.8 
Tolerant strains 
Key West a d . 1.9 
Cucuta ‘ 3 10.7 
Resistant strains 


Isla Verde a 3. 4.0 
Trinidad d 39. 4.0 


Malathion-R r ’ 0.9 
Penang-R ‘ 34, 4.3 


DDT excreted is much greater than that retained (ex- 
cept in the Malathion-R strain). 

The results show that the Trinidad resistant strain 
excreted nine times as much peritrophic membrane 
and six times as much DDT as its susceptible counter- 
part. This would suggest that the hypersecretion of 
peritrophic membrane in response to DDT constitutes 
a defence mechanism by removing DDT from the 
alimentary canal and denying it to the body. It 
is generally considered that DDT acts as a stomach 
poison for mosquito larvae, but the only relevant ob- 
servation reported on this point is that it becomes less 
toxic to Culex larvae during rains and the consequent 
cessation of feeding (Dawson 1953). 

This mechanism however not characteristic 
of all DDT-resistant strains. Enhanced excretion of 
membrane and DDT was shown also by the Isla 
Verde strain from Puerto Rico, which like the Trini- 
dad strain is of Caribbean origin. But enhanced mem- 
brane production is not shown by the DDT-resistant 
Penang strain, which is of Malayan origin; here 
DDT-resistance has been suggested to be due to 
genetic factors different from that in the Trinidad 


was 
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strain (Coker 1958). The Malathion-R strain of 
this Penang stock, in which its DDT-resistance had 
been developed by malathion pressure, showed no en- 
hancement in excretion of DDT or membrane, and 


accumulated DDT internally. 
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ABSTRACT 


The ability of ants to increase the abundance of cer- 
tain Coccidae on citrus is recognized in the practical con- 
trol of these pests in California. The role of ants in the 
collection and colonization of foreign parasites, of lecaniine 
scale insects is discussed. In ant-attended lecaniine scale 
infestations, certain parasite species are little influenced by 
ants while others are strongly suppressed. Following ant 
removal from infestations of Saissetia oleae (Bern.) and 
Coccus hesperidium, the pattern of parasite dominance 
showed that Metaphycus helvolus Comp. and M. luteolus 
Timb., although not the most abundant species present, 
were responsible for the subsequent rapid decrease of their 
respective scale hosts. In the laboratory, in the absence 
of parasites, heavy accumulations of honeydew may cause 
a slight retardation in the growth rate and a decrease in 
survival of insects. The Argentine ant, 


some scale 


The ability of ants to promote increases of 
honeydew-excreting Coccidae and the reduction in 
numbers of these pests following ant removal have 
been demonstrated repeatedly (Van der Goot 1916, 
Way 1954, Bess 1958, Annecke 1959). That ants 
also induce increases of nonhoneydew-excreting Coc- 
cidae, presumably as a coincidental effect arising from 
their initial attraction to other food sources on the 
plants, has been amply confirmed (Newell and Bar- 
ber 1913, Flanders 1945b, Steyn 1954a). DeBach et 
al. (1951), in an of ant-induced in- 
creases of diaspidine scale insects, reported increased 
numbers of citrus red mite, Panonychus citrt (McG.), 


examination 


associated with the presence of ants. 
The extermination of from citrus 
in California has proved to be of great practical value. 


ants orchards 
Ant control has extended the period of effectiveness 


of chemical control treatments against scale insects 
and mealybugs, and in some instances has even made 
further chemical treatment against these pests un- 
necessary. The overall merits of ant extermination 
on citrus may be questioned in some citrus-producing 
countries where ants are valued as predators of lepid- 
opterous and dipterous pests (Steyn 1954b) ; in Cali- 
fornia, however, it has been practical to disregard any 
possible benefit from ant predation because lepidop- 
terous and dipterous pests of citrus are not often 
serious and because the common ant species found in 


citrus orchards are not strongly carnivorous in habit. 


THE ROLE OF ANTS IN THE INTRODUCTION OF 
NATURAL ENEMIES OF LECANIINE 
SCALE INSECTS 
In the course of extensive programs in California 
for the introduction of natural enemies of lecaniine 
scale insects, a number of rules and precepts, which 


1 Paper No. 1283, 
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Iridomyrmex humilis Mayr, possesses no unique capacity 
for physiological stimulation of scale development and 
survival beyond that provided by mechanical removal of 
accumulated honeydew by water-washing. Ant toleration 
was shown to be associated with the rapidity of oviposi- 
tion by some parasites. In the exceptions to this rule, cer- 
tain parasites requiring a long period for egg deposition 
were less sensitive to nearby moving objects and there- 
fore little influenced by the presence of ants, while other 
species with short oviposition periods were easily dis- 
turbed by any nearby moving objects and therefore would 
not tolerate the presence of ants. Disturbance by ants 
resulted in from 27.4% to 98.4% reduction in parasitiza- 
tion, depending on the parasite species. A list of ant as- 
sociation responses of some common predators suggests 
the degree to which predation may be suppressed by ants. 


either directly or indirectly involve the association 
between ants and natural enemies, have been empiri- 
cally developed for guidance in the collection and 
colonization of foreign beneficial insects. These are 
discussed briefly in the following paragraphs. 

In the foreign collection of beneficial insects at- 
tacking both lecaniine scale insects and mealybugs, 
pests in an 


an abundance of the environment 


tected from natural enemies by ants (or by spider 


pro- 
pro 


webs or debris) and a general scarcity of the pest 
elsewhere are taken as presumptive evidence that 
efficient parasites or predators exist in the area 
(Smith and Compere 1928). This relative abundance 
ot the pest in protected environments is often a pri- 
mary guide to a collector in judging the overall effec- 
tiveness of natural enemies on a host in a foreign 
country. 

In the foreign collection of lecaniine scale insects 
and mealybugs, these hosts are expected to be scarce 
Under these 
circumstances their collection is facilitated by 
liminary observation for ant attendance 


1893). Application of this rule has greatly simplified 


i’ effective biological control exists. 
pre- 


( Ke vebele 


the discovery of sources of host material by foreign 
As a result, most of the shipments of 
California for 


collectors. 


lecaniine scale material received in 


parasite emergence in the campaign against Saissetia 
oleae (Bern.) have originated from ant-attended 
colonies of the host. 

Since some parasite species are now known to be 
highly intolerant of ants, some modification of the 
field use of this guide has been found necessary. It 
is now common, in the foreign collection of natural 
enemies of scale insects and mealybugs, to eliminate 
ants from infestations of these hosts and await a 
late period of host decrease to ensure the collection of 
a more natural complement of entomophagous species. 
As an expedient practice where time is limited, small 
ant-intolerant 


representations of parasites may be 





taken from the extremities of the infested host plants 
infrequently reached by the ants. 

In the foreign collection of parasites and predators 
of scale insects and mealybugs, the numerical domi- 
nancy of a natural enemy species over other en- 
tomophagous species attacking the host is, in a gen- 
eral sense, the best measure of its efficiency. This 
rule may not apply in the presence of ants since in 
the foreign collection of Saissetia oleae and Coccus 
hesperidum L., two lecaniine scale insects regularly 
attacked by a large number of parasites in common, 
certain species of parasites which seem to be little 
influenced by ants are taken in abundance in the 
presence of ants, although other parasite species are 
rarely taken where ants are present. Furthermore, 
in ant-free infestations of these two scale insects the 
parasites less influenced by the presence of ants have 
proved to be relatively inefficient in ant-free host in- 
festations in California while becoming abundant upon 
ant-attended scale colonies. 

In the foreign collection of parasites and predators 
of scale insects and mealybugs, the theoretical view 
that ant-toleration by an entomophagous species 
might be a desirable attribute (Flanders 1958) is 
based on the absence of any logical reason to sup- 
pose that such a species should not work as well in 
the absence of ants as in their presence. In view 
of the limited scope of knowledge on ant-toleration 
of various parasites and predators and the basic 
causes of this response, re-evaluation of this premise 
is needed. 

In the foreign collection of parasites and predators 
of scale insects and mealybugs there has been no logi- 
cal reason to believe that because an entomophagous 
species was tolerant or intolerant of the ant species 
in its native land it would necessarily show the same 
toleration to different ant species in its new home. 

In the colonization of newly imported entomo- 
phagous species, establishment of a species is pre- 
sumably initial location 
where ants are naturally absent or where they have 
been mechanically or chemically excluded (Flanders 
1951). This rule usually has been applied to the 
colonization of all parasites and predators of coccids 
in California. 


favored by releases at a 


THE PROBLEM OF HOW ANTS FOSTER COCCIDS 


Clearly, most of the premises and practical guides 
discussed above are based primarily on the assump- 
tion that the only basis for scale increase in the 
presence of ants is the protection against natural 
enemies afforded to the scale by ants. This general 
assumption appears contrary to the interpretation 
placed by Van der Goot (1916) upon his experi- 
ments with ants and Coccus viridis (Green) in Java. 
From his experiments he deduced that honeydew 
removal by the ants accounted for both an increase 
in survival and an acceleration in rate of develop- 
ment of the ant-attended Also, 
Bess (1958), in a study of the same scale insect 
in Ceylon, found no substantial evidence that para- 


scale in colonies. 
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rapid decline in 
Nixon (1951), 
in his review of the previously recorded literature 
the circumstan- 


sitization could account for the 
scale numbers following ant removal. 
on ant-coccid associations, stressed 
tial, assumptive, and exaggerated nature of all the 
existing evidence of coccid protection ascribed to the 
interference with parasite and predator activity by 
ants. 

In light of the serious conflict between the premises 
on ant-natural enemy associations empirically de- 
veloped in the practical biological control projects 
on coccids in California and the views expressed by 
other investigators, determination of the exact proc- 
esses through which ants contributed to the increase 
of Saissetia oleae and Coccus hesperidum seemed de- 
sirable. This inquiry was divided into three phases: 
(1) an examination of the effects of ant removal upon 
field colonies of these two scale insects to examine the 
change in parasite dominance with and without ants, 
and to determine, if possible, whether natural enemies 
alone were responsible for the rapid decline in scale 
numbers following ant removal; (2) an exact evalua- 
tion of the degree of stimulation in scale development 
and survival which may be attributed to ants in the 
absence of natural enemies; and (3) an exact as- 
sessment of the detailed processes by which ants de- 
press the attack of parasites and predators upon these 


scale insects. 


THE PATTERN OF LECANIINE SCALE DECREASE 
IN THE FIELD AFTER ANT REMOVAL 


The field examination of the effects of ant removal 
upon lecaniine scale insects and their natural enemies 
was performed in conjunction with field colonization 
programs on newly imported parasites and predators 
ot Saissetia oleae and Coccus hesperidum. In the 
course of this colonization program, it was possible 
to examine the effects of ant removal in detail upon 
four colonies of S. oleae and four of C. hesperidum. 
In addition, the ultimate effects of ant removal were 
obtained upon at least eight other colonies, either 
these scale insects. The 


combined or separate, of 


general procedure consisted of taking field samples 


of the scale for counts of parasite emergence, €x- 
terminating the ants by ground treatment with chemi- 
cals, releasing the parasites, and again at successive 
periods bringing field samples of the scale to the 
laboratory for examination of emerging parasites. 
Ant removal in the above trials was directed pri- 
marily against the Argentine ant, /ridomyrmex humi- 
lis Mayr, but single colonies of at least two other 
known species, /. analis André and Tapinoma sessile 
(Say), were suppressed in the course of the examina- 
tion. In all the cases where ants were eradicated and 
the subsequent change in parasite activity was ex- 
amined in detail, it was found that the pattern of 
natural enemy attack consistent even though 
the ant species varied. 

Examination of parasite activity in colonies of 
Saissetia oleae prior to ant eradication showed that 
the influence of the ants upon any one parasite species 


was 
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was consistently similar, though differing greatly be- 
tween the various species of parasites. Depending 
upon their special climatic adaptability, one or an- 
other of three closely allied species of the genus Coc- 
cophagus was always found to be the dominant para- 
site in the ant-attended colonies of S. oleae. These 
were followed in abundance by Scutellista cyanea 
Mots. and then by either Metaphycus lounsburyi 
(How.) or M. stanleyi (Comp.) or by both. M. 
helvolus, the parasite responsible for a high degree 
of control of Saissetia oleae, was rare in ant-attended 
colonies of the scale, but occasionally was taken from 
the plant parts infrequently patrolled by the ants. 
Following ant removal from colonies of Saissetia 
oleae, there was a gradual increase of the partially 
ant-tolerant parasite (Metaphycus stanleyi 
and M. lounsburyi) with very little increase of the 
Coccophagus spp. and little change in the abundance 
of Scutellista cyanea. After ant removal it was found 
that A/. stanleyi and M. lounsburyi might eventually 
subjugate the host, but the Coccophagus spp. and 
Scutellista cyanea seemed incapable of any great in- 
With the discovery of the ant- 
free scale colony by M. helvolus, most of the small 


species 


crease in efficiency. 


scales in the colonies were destroyed rapidly—in- 
directly by the adult host feeding and directly by 
parasitism. The destruction of 
oleae through host feeding by adult parasites tended 
to obscure the destruction by direct parasitization, 
so that the exact cause of the host depression might 
at times be overlooked if this habit was not recognized 
as a factor in the decline of the host. 

Coccus hesperidum is not readily found in Cali- 
fornia unless attended by ants or unless scale popu- 
lations have been intensified by the destruction of the 
scale’s most efficient parasite, Metaphycus Iluteolus 
Timb., through parathion treatment. In the normal 
ant-attended colonies of this scale insect, Coccophagus 
scutellaris Dalm. was always abundant, and occa- 
sionally Coccophagus cowpert Gir. and M. stanleyi 
present. After ant removal, there were in- 
stances when MM. luteolus was abnormally delayed in 


immature Saissetia 


were 


finding the infestation because of the relatively iso- 
lated location of the plant hosts. In such instances, 
C. scutellaris and C. cowperi showed little capacity 
to increase in numbers, but 7. stanleyt eventually was 
able to overtake the host. In contrast, after normal 
discovery of the infestation by M. luteolus, a most 
rapid reduction of the scale occurred through host 
feeding on the young scale and parasitization of the 
larger Virtual extinction of all 
Coccus hesperidum was observed in as little as 2% 
months after ant elimination. Again, the destruction 
by host feeding was detected only through very de- 
tailed examination and recognition of the capacity 
of the adult of this parasite to puncture the scale 
with its ovipositor and destroy the scale by feeding 
upon its body fluids. 


stages. stages of 


The above field examination of the effects of ant 
removal upon Saissetia oleae and Coccus hesperidum 
and their natural enemies indicated that the obvious 
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effect of ant removal was to permit the visitation of 


previously excluded parasite species which rapidly 


Most of the ant- 
tolerant species of parasites were shown to be incapa- 
ants. 


caused a decline in scale abundance. 


ble of controlling the scale in the absence of 
The relationship shown between low ant toleration 
and efficiency in ant-free environments by the two 
most efficient parasites, Metaphycus helvolus on S. 
oleae and M. luteolus on C. hesperidum, is apparently 
only a coincidence, explained by the fact that the 
normally inferior ant-tolerant species gain a tem- 
porary advantage by exclusion of their more efficient 
ant-intclerant competitors. Clearly, from the results 
of this survey, parasite dominance in the presence of 
ants is meaningless as a measure of their expected 
normal efficiency where ants are absent. 

The pattern of parasite efficiency seen in this ex- 
amination indicates that the probability of establish- 
ment of ant-intolerant parasites or predators would 
be enhanced by the elimination of ants before para- 
At the same time, 


he chance that entomophagous 


site release. ant eradication would 
probably decrease t 
with would 


become established. 


inferior competitive capacities 
There that irre- 
spective of the ant species involved, the effect of 


species 
was evidence 
their removal upon the activity of scale parasites was 
the same. This similarity of action indicated that 
an explanation for the conflict between ants and para- 
sites emanated from attributes common to numerous 
ant species. 


LABORATORY INVESTIGATION OF THE STIMULATION 
OF SCALE INSECTS BY ANTS 


From the pattern of the natural enemy destruction 
of Saissetia oleae and Coccus hesperidum following 
ant removal, it seems unlikely that the explanation 
offered by Van der Goot (1916), i.e., the elimination 
of a stimulating influence of ants, could account for 
any large part of the scale decline seen with these 
species following ant removal. This explanation of a 
direct stimulation effect from honeydew removal seems 
particularly untenable when applied to the presuma- 
bly comparable and well-documented cases of ant- 
induced increases of diaspidine scale insects where no 
Nevertheless, the contention 
that ants provide some degree of stimulation in the 
rate of development and survival of the scale could 
not be denied in the absence of exact data. The pres- 


honeydew is produced. 


ent inquiry was designed to examine this relationship 
under controlled laboratory conditions where the di- 
rect effects of ants could be isolated from any inter- 
acting effects of parasites. 

For this study, field colonies of the Argentine ant 
were brought to the laboratory and held in confine- 
ment in a 3x5-foot formicarium fitted 
around the sides with hot electric-wire barriers to 
confine the ants (Flanders 1945a). A glass-covered 
plaster-of-Paris block served as a nest inside the 
formicarium. In this way the ants were visible at 
all times in their tunnels under the glass. A 
ture gradient in the ant tunnels was maintained by 


asbestos 


mois- 
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pouring water into a well at one end of the plaster- 
block. 

Coccus hesperidum cultured citron 
(Citrullus sp.), after the methods described by Bart- 
lett and (1961), was used for detailed ex- 
amination of the effects of ants upon scale insects. 
C. hesperidum develops rapidly in the insectary on 
citron melons and reaches maturity in as little as 38 
days at 80° F. and 50% R.H. About 10 days after 
settling of the newly hatched motile young, copious 


of-Paris 
on melons 


Lagace 


amounts of honeydew are being excreted by the scale 
and the Argentine ant becomes strongly attracted 
to this Under insectary conditions 
no fungi develop upon honeydew excreted by the 
scale. At 50% R.H. accumulated honeydew remains 
somewhat viscous and sticky, whereas under normal 
field conditions the adhesive quality of the honeydew 


source of food. 


is rapidly lost. 

In preliminary tests, three citron melons were uni- 
formly infested with the motile young of Coccus 
hesperidum. \Vhen the scales days old the 
top surface of the first of the three melons was divided 
into quadrants, with tanglefoot barriers so arranged 
that when the melon was placed in the formicarium 


were 5 


ants were denied access to two of the scale-infested 
quadrants while permitted to traverse freely the other 
two quadrants. One of the ant-free sections and one 
of those traversed by ants were washed three times 
per week with distilled water to remove accumulated 
The melon was rotated one-quarter turn 
so that positional effects upon the four 


For 23 


honeydew. 


each day 
sections of the melon would be equalized. 
days ants heavily attended the two sections to which 


they were permitted access, the ant attendance being 


on an average one ant to each eight scales. All scales 
were then measured to compare growth rates with 
without ants and with and without mechanical 
of honeydew. The 
from the different sections on this melon, as seen in 
table 1, Trial 1, shows that in this test the ants played 
no significant role in stimulating the growth rate of 


and 


removal average size of scales 


2 hesperidum. 

The other two infested melons were used 10 days 
after infesting to examine further the effects of ants 
and of honeydew removal on the rate of scale develop- 
ment, as well as to compare scale mortality with and 


Table Effects of Argentine ants and of mechanical 


survival of Coccus hesperidum. 


With Ants 

Exposure in 

formicarium 
(days ) 


Average 
length of 
scales (mm. ) 


Treatment 


2.46 
2 


2.63 
2.43 
2.44 
2.41 


2.95 


Washed 


Unwashed 


Washed 
Unwashed 


Washed 


Unwashed 
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w.thout ants. Tanglefoot barriers, as previously de- 
scribed, were applied to these melons and all but 50 
random scales were removed from each test quadrant 
the melons. After 18 days’ exposure and tri- 
weekly washing of two sections on each melon as 
before, the size and mortality of the scales subjected to 
each treatment were compared. The results as shown 
in table 1, Trials 2 and 3, demonstrated no valid 
difference in Coccus hesperidum rate of growth or 
survival associated with either the presence of ants 


of 


or the mechanical removal of honeydew. In addition, 
there no difference in the date at 
which the first motile young were found to issue 
from beneath the scales in the four differently treated 
quadrants. A slight decrease in scale survival among 
those from which the honeydew was washed indicated 
that some few individuals might possibly have been 
mechanically displaced by the force of the water wash 
stream. 

To confirm the above results on the direct influence 
of Argentine ants upon Coccus hesperidum develop- 
ment and survival, as well as to explore the possibility 
of ant influence upon diaspidine scales, another melon 
was marked by tanglefoot barriers into 16 equal sec- 
tions, each containing 50 C. hesperidum and 50 As- 
pidiotus hederae (Vallot), all 10 days of age. The 
results of 20 and 30 days’ ant exposure, respectively, 


on the two species, as tabulated in table 2, indicate 


was observable 


Table 2—Effects of Argentine ants and of mechanical 
honeydew removal upon the rate of development and the 
survival of Coccus hesperidum and Aspidiotus hederae. 


With Ants Without Ants 

Average Average 

length length Percent 
ot of surviva 

Scales ot 


(mm.) cales 


1 
scales 


Treatment (mm.) 


Washed 


Unwashed 


Washed 


Unwast 


hed 


that under the conditions of this trial any increase 
in the rate of development and survival of scale due to 
ants or mechanical removal of honeydew would be 


honeydew removal upon the rate of development and the 


Without Ants 


Survival 
of 


\verage 
length of 
scales (mm. ) 


Survival 
of scales 
(%) 


scales 
(%) 


No. of 


scales 


126 2.47 
—_ 132 2.09 
88.0 
88.0 
74.0 
700 


50 Of 
50 


80.0 
88.0 


“v0 
WO 


? 61 


2.69 


50 


50 


88.0 
94.0 
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slight. Only with A. hederae in the unwashed sec- 


tions without ants was a statistically significant de- 
crease (5% probability level) shown in scale sur- 
vival. Removal of honeydew by Argentine ants pro- 
vided no more increase in scale development and 
survival than did the removal of the honeydew by 
water washing, from which it must be concluded that 


Argentine ants possess no unique feature for scale 
stimulation beyond that of simply removing super- 
ficial accumulations of honeydew from the plant sur- 
face. 

Further insectary trials were conducted under con- 
ditions of high humidity to see if newly settled in- 
dividuals of Coccus hesperidum would be destroyed 
by very heavy accumulations of honeydew. Melons 
heavily infested with mature C. hesperidum were so 
arranged that honeydew falling from them would 
completely cover one-half of the top surface of each 
of two test melons which were infested with 1-day- 
old scale, while the other half of each test melon 
was protected from honeydew contamination. This 

heavy accumulation of honeydew re- 
26.7% destruction of the newly settled 
young In another test, when the clean half 
and a previously honeydew-contaminated half of an- 
other melon were infested with equal numbers of 
motile young, 20.4% reduction in scale settling oc- 
curred on the surface contaminated with honeydew. 
Although the destruction of youny scales from ac- 
cumulated honeydew might conceivably be made even 
more intense than in the above trials, it is unlikely 
that under normal conditions the accumulation on 
plant surfaces of honeydew from lescaniine scale in- 
sects causes any drastic reduction in the settling of 
the motile young scale since natural infestations of 
these pests occur so readily in the field and in glass- 
houses where ants are naturally absent. The adhesive- 
ness of the excreted honeydew in the above tests far 
exceeded that normally found in nature, and there- 
fore supplied a much more critical hazard to scale 
settling. 

Admittedly, any possible detrimental associations 
that might accrue from the normal development of 
sooty mold under field conditions could not be assessed 
under the existing test conditions. Exclusive of this 
unpredictable factor, it must be concluded that the 
entanglement and drowning of young scale in the 
excreta of their own species would scarcely suffice 
to explain the rapid demise of a colony of C. hesperi- 
dum following ant removal. 

The lack of any substantial evidence that either 
Argentine ant attendance or mechanical honeydew 
removal substantially increased the rate of develop- 
ment and survival of Coccus hesperidum in these 
trials calls for a re-evaluation of the conclusions ex- 
pressed by Van der Goot (1916) and Bess (1958) in 
their experiments with C. viridis. It appears that in 
any field examination of the effects of ants upon scale 
insect abundance wherein emphasis was concentrated 
upon a change in abundance of the parasites initially 
present in an ant-attended colony of the scale (i.e., 


abnoi nally 
sulted in 
scale. 
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of parasite species not strongly influenced by the 
presence of ants) the data obtained would naturally 
lead one to search elsewhere than among these para- 
sites for an explanation of the rapid scale decline in 
the field following ant extermination. The data 
sented by these two authors probably correctly illus- 
trate that neither of the two parasite species studied, 
Coccophagus bogoriensis (Koningsberger) and An- 
eristus ceroplastae How., was responsible primarily 
for the scale decline. Possibly, however, these authors 


pre- 


summarily discarded the very simple explanation 
offered by parasitism in favor of a more abstruse 
interpretation. A delay in the earliest date of scale 
maturity would be expected to follow parasite destruc- 
tion of the larger scale as they advanced to maturity, 
while greater scale survival would logically follow any 
degree of parasite exclusion by ants. 


THE PROCESSES THROUGH WHICH ANTS INTERFERE 
WITH PARASITES 


The exact mechanics involved in the restriction of 
natural enemies by ants are imperfectly known. The 
literature contains many references to the 
aggressive action of various ants against parasites and 
predators which would imply that the natural enemies 
fall prey to the ants. Van der Goot (1916) rejected 
the assumption that the ants associated with Coccus 
viridis in Java destroyed any appreciable number 


isolated 


of the natural enemies of this scale insect, but recog- 
nized the capacity of the ants to disturb parasites in 
their search for hosts. Flanders (1951) and Way 
(1954) noted an apparent correlation between the 
rapidity of egg deposition by certain parasites and the 
incidence of their attack upon ant-attended hosts. 

The records obtained in the course of 6 years of 
field sample collections, made primarily to check on 
the establishment of newly released parasites and 
predators of Saissetia oleae and Coccus hesperidum, 
have afforded a means of comparing the relative 
abundance of most of the parasites found attacking 
these scale ant-attended and in ant-free 
environments. The commonest parasites of these two 
lecaniine scales are arrayed in table 3, starting with 
those which dwell in closest harmony with ants and 
progressing to those species least tolerant of ants. 
The ranking of the compatibility of the parasite spe- 
cies with ants in the field as presented may be sub- 
ject to some possible error, since all species were not 
taken concurrently in the collections and 
abundance varied with climatic areas, but the order 
of ant toleration is believed to be reliable from a 
general comparative standpoint. 

For each parasite species the average time required 
to drill with its ovipositor and to deposit its egg in 


insects in 


species 


the most favored stage of its host was determined 
from at least 10 successful oviposition attempts. 
Time spent in preliminary host examination before 
starting the insertion of the ovipositor was not in- 
cluded in the assessment of the time required for 
host attack. 
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Table 3—Hymenopterous parasites of 
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(A) the lecaniine scales, Coccus hesperidum and Saissetia oleae, and (B) 


the citrophilus mealybug, Pseudococcus gahani, arrayed according to ant toleration with a comparison of their charac- 


teristics and habits which contribute to ant compatibility. 


Compatability 
of the para- 
sites with ants 
in the field 
(ranked from 


high to low) Parasite species 


Average No. 
seconds re- 
quired for 
host drilling 

and 
oviposition 


Aggressive- 

ness of ants 
toward the 
parasites 


Success of ants 
in capturing 
the parasites 


Tendency of 
parasites to 
avoid ants 


A - Parasites of lecaniine scales 


Coccophagus rusti Comp. 
Coccophagus ochraceus How. 
Coccophagus scutellaris (Dalm.) 
Coccophagus capensis Comp. 

C ‘occophagus mexicensis Gir. 
Coccophagus basalis Comp. 
Scutellista cyanea Mots. 
Metaphycus lounsburyi (How.) 
Metaphycus stanleyi Comp. 
Vfetaphycus helvolus (Comp.) 
Vicroterys flavus How. 
Metaphycus luteolus (Timb.) 


13 medium low low 
67 high low medium 
10 medium low low 
2 low low none 
12 low low none 
20 high high none 
6 high high low 
medium low none 
7 medium high none 
113 high high none 
120 high high none 
189 high high none 


- 


B - Parasites of the citrophilus mealybug 


Tetracnemus pretiosus Timb. 
Tetracnemus peregrinus Comp. 
Coccophagus gurneyt Comp. 


From the data on time spent by the different para- 
sites of lecaniine scales in egg deposition as shown 
in table 3, a general relationship is seen to exist with 
most of the species between the rapidity of egg depo- 
sition and the rating presented for their compatibility 


with ants in the field. There are, however, some dis- 
crepancies. The parasite Coccophagus ochraceus 
How., and to a lesser extent Metaphycus lounsburyi 
coexist in the field with ants in greater abundance 
than would be anticipated on the basis of the time 
required for egg-laying. Conversely, the relative 
scarcity of M. stanleyi in ant-attended locations is 
inconsistent with the rapidity with which it oviposits. 

As a further source of illustration of inconsistency 
in the relationship between the time necessary for 
egg-laying and the field toleration of parasites to 
ants, data on three of the common parasites of the 
citrophilus mealybug, Pseudococcus gahani Green, 
are presented in part B of table 3. In this group, 
Coccophagus gurneyi Comp., which Flanders (1951) 
reports as unaffected by ants, is shown to oviposit 
very slowly. Field collections by the author indicate 
that this species persists in ant-attended mealybug 
colonies, although as reported by Compere and Smith 
(1932) it may suffer some depression in activity in 
the presence of ants. 

In view of the apparent discrepancies between ovi- 
positional time and ant compatibility of certain para- 
sites of scale insects and mealybugs, a further exami- 
nation of all the listed parasites was made to see if 
there were any observable differences in the attrac- 
tiveness of the different parasites to the ants as in- 
dicated by the relative aggressiveness of the ants 
toward adults of each species. This examination was 


made by close observation of individual parasites 


which were placed in the glass-covered ant tunnels 


none 
medium 
none 


high low 
high medium 
high low 


of the Argentine ant nest where they could be kept 
under constant surveillance. 

The observed variations in aggressiveness of the 
Argentine ants toward the various species of para- 
sites, as recorded in table 3, indicated that the re- 
sponse of the ants to a parasite species was variable 
and inconsistent from time to another. Even 
though the trials were extended to include the ants’ 
responses to partially incapacitated parasites, no 
clearly distinctive differences were evident in the at- 
tractiveness of the various parasites to the Argentine 


one 


ants. 

All parasites were pursued to some extent by the 
ants, particularly after food had been withheld from 
the ant colony. Interestingly, individual parasites 
held for hours in the ant tunnels seemingly never 
attained any immunity from ant attack which might 
be attributed to an acquired protective odor. In 
time there was a decreased interest in pursuit of the 
seemed to stem 


parasites by individual ants which 
further 


from their futility of 
attempts to capture the parasites. Even under the 
circumstances an ant 


recognition of the 
most opportune rarely cap- 
tured an active uninjured parasite, as shown in the 
last column of table 3. The infrequent capture of 
certain species of parasites under closely confined 
conditions was not associated with parasite size. 
color, or other determinable physical characteristics 
of the parasite species. 

In the trials described above, some species of para- 
indifference to the close 
examination of the 


sites showed an apparent 
approach of ants. A detailed 
inherent tendencies of different parasite species to 
avoid ants appears to supply a reasonable explanation 
for the discrepancies in the oviposition time—ant 
compatibility correlation previously discussed. Ob- 
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servational data, obtained from the responses of in- 
dividual parasites of the various species when they 
were placed in ant tunnels or vials with Argentine 
ants, demonstrated that the responsiveness of the 
parasites to the presence of ants was distinctive for 


each species of parasite. An observational assess- 
ment of the tendency of the parasites to avoid Ar- 
gentine ants is presented in table 3. From these 
records the inconsistency between oviposition time 
and ant toleration by Coccophagus ochraceus and 
Metaphycus lounsburyi may be explained by the in- 
difference or unresponsiveness of these species to the 
nearby movement of ants. Metaphycus stanleyi, on 
the other hand, was so easily distracted by the near- 
ness of ants that it would not remain where any ants 
were present. Coccophagus gurneyi showed little 
tendency to avoid ants and was rarely spurred to 
flight by their nearby presence. 

Following the above examination, trials were made 
with Metaphycus luteolus and M. stanleyi in an effort 
to determine the exact mechanism responsible for 
the aversion of these species to ants. When confined 
with ants in vials, these species responded to the 
odorous house ant, 7apinoma sessile, in exactly the 
same way as they had to the Argentine ant. In Y-tube 
preference track tests, these parasites were not re- 
pelled by Argentine ant trail and nest material, honey 
contaminated by previous ant feeding, or macerated 
nor did the parasites tend to avoid 


Argentine ants; 
with them in vials. 


these substances when confined 
The variation between different species of parasites 
in their sensitivity to ants appeared to be due simply 
to a difference in the inherent ; 
the parasites to any nearby moving object. The per- 
turbability or susceptibility to disturbance of M. 
luteolus and M. stanleyi was also recognizable in their 
response to the nearby movement of other parasites. 

As a final assessment of the degree of interference 
in parasite activity by ants, a series of tests was run 
in the laboratory to show the reduction in attack by 
Coccus hesperidum due 
To make the 
citron 


responsiveness of 


some species of parasites upon 
to the presence of the Argentine ant. 

evaluation for each parasite species, 
melons, heavily infested with an abundance of sus- 
ceptible stages of C. hesperidum, were placed each 
under an inverted battery jar inside the ant barrier, 
and 20 adult female parasites were released into each 
jar. Two hundred Argentine ants were permitted en- 
try into one of the jars by slightly elevating the in- 


two 


verted jar top and then releasing it to confine the 
ants. The percentage reduction in parasitization dur- 
ing a 24-hour period due to the presence of the ants 
was calculated from the subsequent emergence of adult 
parasites from the ant-attended and the ant-free jars. 
The reduction in parasite emergence of Metaphycus 
stanleyi due to the presence of the ants was from 
450 to 156 (or 65.2% reduction) ; that of M. luteolus 
from 63 to 1 (98.4% reduction); and that of Coc- 
cophagus scutellaris from 412 to 299 (27.4% reduc- 
tion). These results demonstrate that even C. scutel- 
laris suffers some depression in reproduction from the 
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presence of ants, and confirm that M._ stanleyi 
is seriously reduced in efficiency by ants despite the 
short period of time required for oviposition. Ap- 
parently the differential between the percentages of 
reduction in parasitization with C. scutellaris and 
those with M. stanleyi is due strictly to the difference 
in ant avoidance responses of the two species; 
whereas the differential between the percentages with 
VU. stanleyi and with M. luteolus is due principally 
to the difference in times required for oviposition by 


the two species. 
THE INTERFERENCE WITH PREDATORS BY ANTS 


To determine whether or not any generalized re- 
lationships existed between Argentine ants and some 
of the common predators of scale insects, mealybugs, 
and spider mites, a series of observations was made 
of the attractiveness of different species of predators 
to ants, the tendency of the predators to avoid ants, 
and the success of the ants in capturing uninjured 
predators placed in the ant runs of the formicarium. 
The results of these trials, recorded in table 4, re- 
veal that, with the exception of Scymnus sordidus 
Horn, Argentine ants attacked adults of all the spe- 
cies of predators examined. The adults of these spe- 
cies attacked showed a strong tendency to avoid the 
ants and with few exceptions were able to elude cap- 
ture. It was of interest that both adults and larvae 
of some predators that were killed before exposure 
to the ants were ignored, indicating that the ant ag- 
gression was not entirely due to the desirability of 
the predators as food. 

The larvae of the coccinellids were generally un- 
attractive to the ants, and some were in fact repug- 
nant, as shown by the hasty retreat of the ants to 
their antennae after an initial contact. Some 
occurred against the 


clean 
discontinuous 
vae of the two Chilocorus species and of Scymnus 
sp. (near quadrivitattus). These were the only coc- 
cinellid larvae that made any attempt to avoid the 
ants, and larvae of the larger species generally eluded 
capture. Contrarily, the larvae of the neuropteran 
and dipteran predators were all aggressively attacked 
by the ants and were frequently overpowered. Some 
predator pupae were ignored and others were attacked 


aggression 


readily. Aggression presumably depended upon the 
attractiveness of the pupae as food, since macerated 
specimens of those attacked were fed upon by the ants. 
The only predator eggs exposed to the ants, those of 
Chrysopa majuscula Banks and of Lindorus lophan- 
thae (Blaisd.), were ignored. 

The results indicate that, although the responses 
of predators to ants are variable and inconsistent 
even between closely allied species, with few excep- 
tions most insect predators would be seriously re- 
tarded in their activity by the presence of Argentine 
ants. This would most generally occur through dis- 
turbance of the adult stage of the predator. The re- 
sults suggest that most newly introduced species of 
predators should not be colonized in environments in- 
habited by ants. 
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Table 4—The relationship between Argentine ants and some predatory insects. 
Aggressiveness Tendency of Success of ants 
Developmental of ants toward predators to in capturing 
Predator stage the predators avoid ants predators 


COLEOPTERA 

Chilocorus bipustulatus (L.) adults high high none 
larvae medium medium none 

pupae medium -- — 
corus hauseri Weise adults high high none 
larvae low medium none 

pupae high -- -- 
Cryptolaemus montrousieri Muls. adults high high none 
larvae none none none 

pupae none — — 
Hippodamia convergens G.-M. adults high high none 
larvae medium high none 

pupae low -- ~~ 
Lindorus lophanthae (Blaisd.) adults high high none 
larvae none none none 
pupae low — 
Rodolia cardinalis (Muls.) adults high high none 
larvae none none none 

pupae medium a _- 
Scymnus sordidus Horn adults none low none 
larvae none none none 
pupae none none none 


Scymnus sp. (nr. quadrivitattus Muls.) adults high high none 
larvae medium high medium 


pupae low — — 
Stethorus sp. (nr. gilvifrons Muls.) adults high high none 

larvae none none none 

pupae none — — 


NEUROPTERA 
Chrysopa majuscula Banks adults high high none 


larvae high medium medium 


eggs none 


Eumicromus navigatorum Brauer adults high high low 
( Hemerobiidae ) larvae high high medium 
pupae none a as 
Sympherobius spp. adults high high none 
larvae high high medium 


DIPTERA 
Leucopis bella Loew adults high medium medium 
larvae high high high 
pupae high -- — 
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ABSTRACT 


isolated on leaves of bush lima beans that 
respectively, with three different concen- 
trations of nitrogen, and four of phosphorus and of po- 
tassium, in nutrient solutions otherwise complete for 
plant growth; also, on leaves of plants supplied, respec- 
tively, with three different concentrations of the macro- 
nutrients of a complete nutrient solution. The nitrogen, 
phosphorus, and potassium content of the leaves was found 
to increase with increased supply of these elements. About 
six times as many mites developed on medium-nitrogen 
plants, and about 11 times as many on_ high-nitrogen 
plants, as on low-nitrogen plants. Larger mite popula- 


Mites were 
were supplied, 


The clover mite, Bryobia praetiosa Koch, is a 
seasonal house pest in New Jersey and in other parts 
of the United States. In New a period 
of years, this mite has been found to develop in large 
numbers on new and richly fertilized lawns. If the 
mineral content of the host plant could be manipu- 
lated so as to inhibit the development of the feeding 
mites, yet maintain a healthy and vigorous plant 
growth, this procedure might possibly effec- 
tively for the control of this pest. 

Relatively littke work has been done on mite nu- 
trition and nothing has been published to date on that 
»f B. praetiosa, though reports on various aspects of 
its biology have been given by Kremer (1956), Andre 
(1941), Snetsinger (1956), Morgan and Anderson 
(1957, 1958), Summers and Baker (1952), English 
and Snetsinger (1957), Meltzer (1955), Venables 
(1943), and Van Eyndoven (1956). 

The purpose of the present study was to determine 
the effect of nitrogen, phosphorus, and potassium 
nutrition of bush lima bean plants, used as hosts, on 
the duration of oviposition, longevity, embryonic de- 
duration of the adult number of 
eggs laid, percentage of hatch, duration of postem- 
bryonic development, total life cycle, and number of 
second-generation adults of B. praetiosa. 


Jersey, over 


serve 


velopment, stage, 


EXPERIMENTAL PROCEDURE 


Clover mites were originally collected from a house 
Jersey, and rearings were conducted in the 
Newly emerged deutonymphs, of at least 


in New 
greenhouse. 


1 Accepted for publication February 2, 1961. 

2 Present address: Forest Entomology and 
tory, Canada Department of Forestry, 409 Federal 
toria, British Columbia. 


Labora- 


Vice 


Pathology 
Building, 


tions developed with medium phosphorus or potassium 
supply than at lower or higher levels of these respective 
elements. Increase in nitrate-free nitrogen of the foliage 
was accompanied by increases in longevity of first-genera- 
tion adults, duration of oviposition, number of eggs laid, 
and total number of adult second-generation mites (per 
parent mite) that reached maturity; and decreases oc- 
curred in duration of postembryonic development and 
total length of life cycle. Data are presented on various 
phases of the life cycle of 585 individuals observed under 
greenhouse conditions. 


the second generation from those originally collected, 
were introduced to the experimental bean plants. 
The Ash (1956) was modified for 
isolating the clover mites on the plants. The insert in 
figure 1 shows the isolation cage in operational posi- 
tion. One end of a small lucite ring, 54 inch in out- 
side diameter, 1% inch in internal diameter, 
inch deep, was closed with a transparent extruded 
Kodopak II sheet (made from cellulose acetate buty 
rate and obtainable from Eastman Kodak Company, 
Rochester 4, New York) of similar external diameter. 
The opposite end of the ring was left open, but was 
fitted with a ring of soft blotting paper as a buffer 
between the lucite and the leaf. A small 
14-inch-thick felt introduced 
prevent injury to its lower surface, and a simple paper 
clip suspended the whole from a rod. 
Mites were isolated on the leaves of bush lima 


cage described by 


and %& 


piece ot 
was under the leat to 
cage and leaf 
bean 
plants that were supplied with low, medium, and 
high concentrations of nitrogen (10 p.p.m.. 
and 200 p.p.m., respectively) ; low, medium, and 
concentrations of phosphorous (1 p.p.m., 5 
and 30 p.p.m., and low, medium, and 
high concentrations of (10 p.p.m., 40 
p.p.m., and 160 p.p.m., respectively), in nutrient solu- 
tions otherwise complete for the growth of plants. 
Low phosphorus (0.5 p.p.m.) and low potassium (10 
p.p-m. ) 


50 p.p.m 
high 
p.p.m., 
respectively ) ; 
potassium 


were run concurrently with the three nitrogen 
levels (hereinafter referred to as the nitrogen experi- 
ment). Figure 1 shows lima bean plants grown under 
these five different experimental conditions. 

Mites 
plied with three different concentrations of the 
nutrients of a complete nutrient solution, 


were also isolated on leaves of plants sup- 
macro- 


which is 
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phorus, and 10 p.p.m. potassium, respectively, in otherwise complete nutrient solutions. 


clover mites in position on leaf of host plant. 


referred to as Formula 1 (Shive and Robbins 1956). 
The low nutrient level contained one-tenth the con- 
centrations of the macronutrients of the complete solu- 
tion, the medium nutrient level contained full con- 
centrations of them, and the high nutrient level con- 
tained three times their concentrations in the com- 
plete solution. Except in the nitrogen experiment, 
the pH values for the solutions were periodically 
adjusted to lie between 4.0 and 5.0 as optimum values 
for mineral absorption by plants. 

Where a particular ion of a salt was varied from 
high to low concentrations, an appropriate salt was 
added to the two lower solution levels to keep the 
accompanying anion or cation (as the case might be) 
of that salt constant throughout all three levels. 

Table 1 gives the composition and pH values of 
the nutrient solutions used in the nitrogen experiment, 
and table 2 gives them for those used in the phos- 
phorus and potassium experiments. 

Greenhouse Conditions —Three experiments were 
carried out under greenhouse conditions between 
Novmber 2, 1958, and March 12, 1959, and a fourth 
one (the nitrogen experiment) between November 2 
and December 12, 1959. The greenhouse temperature 
ranged mostly between 50° and 70° F., and the rela- 
tive humidity mostly between 40% and 70% during 
Although the relative 
and 


the period of the entire study. 
humidity varied between the extremes of 30% 
70%, the construction of the mite cages was such that 
within them it presumably was consistently high in 
all experiments. Over the same period, radiant sun- 
light energy outside the greenhouse varied, mostly, 


[ Vol. 54 


or 


Growth of bush lima bean host plants at 10 p.p.m., 50 p.p.m., and 200 p.p.m. nitrogen, 0.5 p.p.m. phos- 


Inset.—Isolation cage for 


Table 1—Composition (in molar concentrations) and 
pH values of nutrient solutions used in the nitrogen 
experiment and in the concurrent low-phosphorus and 
low-potassium experiments.* 


Nitrogen 


KHePOs 3 ) 3 0023 mM 0.000016 mM 
NaH2PO, 

KeSO, 0.0015 Mm 0.00 0.0015 m 
Ca(NOs)e2 0.00035 Mm 0.0045 mM 
CaCle 0041 ™M 2 

MeSO;, 0023 mM 23 ).0023 m 
Mg(NOs)2 

pH» 5 


0.0026 m 
0.0045 


a Trace elements added in the following concentration (p.p.m.) 
Mn 0.25; Cl 0.32; Mo 0.01; Zn 0.1; Cu 0.01; B 0.1; Fe 1.0 
b Drainage solution. 


Table 2—Composition (in grams per 5 gallons solu 


tion) and pH values of nutrient solutions used in the 
phosphorus and potassium experiments. 


Phosphorus, Potassium, 
p.p.m p.p.m 


160 


KHePOx,s : 10.640 
Ca(NOs)ee4H2O 2 20.1 
MgSO«w7H2O0 
(NHa4)2SOx 
NaHePOweH2O 
KCl 

pH 


& 


a Tap water used; no trace elements added. 
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between 170 and 390 gram-calories per square centi- 
meter per day, of which about 60% entered the green- 
house. Records of temperature and relative humidity 
were made continuously throughout the experiments 
by means of a Casella automatic recording hygro- 
thermograph. Results are presented in table 3. 


Tabel 3.—Life-history data for Bryobia practiosa, based 
individuals reared in the various nutritional ex- 
periments, under greenhouse conditions (50°-70° F 
40%-70% R.H.).* 


on 585 


Maxi- 


mum 


Mini- 


mum 


Mean 


First generation : 
Longevity on host plant, days 
Duration of adult stage, days 
Duration of oviposition, days 
Number of eggs laid per mite 
Number of eggs hatched, 
per mite 
Second generation : 
Embryonic development, days / 14.1 
Postembryonic development, 
days 18.4 
Complete life cycle 31.0 
Number (per parent mite ) 
reaching adult stage 0 ; 44 


4 See footnote to table 4 for definitions of life-history stages 


Nutrient Culture Studies—Plants were grown by 
the sand-culture method described by Shive and Rob- 
bins (1956). A sand of U. S. Highway grade No. 2, 
obtained from Bennett Sand Co., 
Manasquan, New Jersey, was used in all experiments, 
after being thoroughly washed, and Broad Hook bush 
lima beans were used as host plants for the clover 


and Gravel Inc., 


mites. 

In the nitrogen experiment the plants were grown 
in 3-gallon crocks, each crock carrying three plants. 
Nutrient treatment started when the plants were 9 
days old, at the rate of 0.5 liter of nutrient solution 
per crock, and 46 days later the quantity was increased 
to 0.75 liter per crock. Second-generation deuto- 
nymphs of B. praectiosa were transferred to the ex- 
perimental plants when the latter were 23 days old. 

In the other experiments 6-inch plastic pots were 
used, each one carrying four plants grown from seeds 
that germinated in the The seedlings were 
watered daily with tap water, by surface irrigation, 
until they were about 6 inches tall. At this stage 
surface applications of the nutrient solutions were 
initiated, and were made thereafter whenever needed. 
Introduction of clover-mite deutonymphs to the ex- 
perimental plants was made 1 week after the nutrient 


pots. 


treatment was begun. 
Chemical Analysis of Foliage.—In the nitrogen ex- 


periment, six l-gram dry samples from each nutrient 


level were analyzed for nitrate-free nitrogen, both at 
the time of mite transfer and at the conclusion of the 


experiment. The Kjeldahl method, as described by 


Morris: DEVELOPMENT OF THE CLOVER MITE 


Peach et al. (1956), was used in these determinations. 
The total green weight and the percent dry weight of 
the whole plants at each nutrient level were also 
determined. 

In the phosphorus and potassium experiments, du- 
plicate 2-gram dry samples of foliage from each nu- 
trient level were analyzed for their phosphorus and 
potassium contents, respectively, in each of three ex- 
periments. In these cases foliage was harvested only 
once, near the end of the experiments. Phosphorus 
was determined by the colorimetric method described 
by Fisk and Subbarov (1925) and by Chapman 
(1931), and potassium by the method described by 
Toth et al. (1948). 

No chemical analyses were made of plants grown at 
the three different concentrations of the macronu- 
trients of the complete solution. 

Figure 1 shows bush lima bean plants grown at 
10 p.p.m., 50 and 200 p.p.m. nitrogen, 0.5 
p.p.m. phosphorus, and 10 p.p.m. potassium, respec- 
tively, in a nutrient culture medium otherwise stand- 


p-p.m., 


ard for the growth of plants. 


RESULTS AND DISCUSSION 
In all, 585 mites were reared on the host plants in 
the various nutrition experiments, and their life his- 
tory data are table 3. The mean 
values there thus are those for mites reared under a 
wide variety of nutritional and environmental condi- 
These data seem highly significant, because 


summarized in 


tions. 
the various experimental conditions were precisely 
of the types that would be encountered in nature. 


1. Relation Between Nitrogen Supply and Mite Re- 
sponse.—Table 4 shows the relationship between the 
compositions of the nutrient solutions, the nitrogen 
level of the bean foliage at the conclusion of the ex- 
periment, and the development of Bryobia praetiosa. 

Percent nitrate-free nitrogen in foliage was directly 
related to the nitrogen concentration in the nutrient 
solution, both at the mite transfer and at 
the conclusion of the experiment. At mite transfer, 
in low-potassium 


time of 


the percent nitrate-free nitrogen 
plant leaves was about the same as in medium-nitro- 
gen plant leaves, and the percent nitrogen in low- 
phosphorus plant leaves was about midway between 
the percentages in the medium- high-nitrogen 
plants. At the end of the experiment, the nitrogen 
content of the leaves at low potassium was about the 


and 


same as in plants at high nitrogen, and the nitrogen 
content of low-phosphorus plant leaves was about 
85% of that in leaves of high-nitrogen plants. 
Duration of oviposition, longevity of first-genera- 
tion adults, number of eggs laid, total number of 
second-generation adults per mite, and duration of 
the adult stage increased directly with increased nitro- 
gen content of the However, percent of 
hatch and duration of embryonic development showed 
no such correlation, and duration of postembryonic 
development and total length of life cycle decreased— 
the former only slightly—with increased nitrogen con- 


fol iage. 
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Table 4 
lima bean host plants. 


Lima bean plants 


Longe- 
vity 
on host | Adult 
plant’ | stage’ 


Percent of 
element in 
foliage‘ 


Experimental 
nutrient 
solution? 


days days 
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Data on life history of Bryobia praetiosa as influenced by 


First-generation mites* 
Duration of 


Ovi- 
position 


days 
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the concentrations of nutrients supplied to the 


a 


Second-generation mites’ 


Per- Development 
cent 
ot 

hatch 


Complete 
life 
cycle" 


Avg. no 7 
adults | Embry- 
matured} onic’ 


No. 
ot 
eggs 


Postem- 
bryonic® 
days 


days days 


Nitrogen experiments; low-phosphorus and low-potassium experiments 


1.95% 
3.28% 
4.59% 
3.92% 


4.91% 


N* 
N* 
N* 
N* 
N* 


10 p.p.m. 
50 p.p.m. 
200 p.p.m. 
0.5 p.p.m. 
10 p.p.m. 


Dou 


at pat te 
N AND 


1 


14.2 6 
16.6 7 


16.4 8 


0.19% 16.3 
0.25% 20.2 
0.50% 19.5 


1 p.p.m. 
5 p.p.m. 
30 p.p.m. 


9 
> 
1 


72 
60) 


76 


1.1 
6.0 
12.1 
68 4.8 
67 1.4 


15.‘ 20.9 
19.1 
18.0 
20.6 


21.1 


Phosphorus experiments 


18.9 
16.8 


17.4 
20.0 
IPR 


Q4 
9] 
91 


4.1 
5.8 
2.9 


Potassium experiments 


10 p-p 
40 p.p. : 
160 p-p.m. J. ( E 3 J 3 


5 
5 


l’artous concentrations 
19.0 
19.5 
24.0 


13.3 5 
16.7 5 
20.1 8 


Formula 1 
Formula 1 
Formula 1 


a Mean values, based on 45 first-generation mites. 
b See text and tables 1 and 2 for definitions 
Expressed as percent ot dry weight; mean Of six sample Ss. 


8 
0 
0 


of complete nutrient 
4 


9 
AU] 


87 
90) 
84 


1.9 
Suk 
1.6 
solution 
82 1.7 
80 a 
92 5 5 


13.4 
10.9 
8.1 


13.4 
12.8 
19.4 


1 From placing of nymphal first-generation mites on experimental plants until their death 


¢ From start of oviposition to death of adult 
f From first appearance of eggs to first appearance of larvae 


£ From first appearance of larvae to first appearance of ovipositing adults. 
h From oviposition by first-generation to oviposition by second-generation mites 


* Nitrate-free nitrogen. 


centration in the foliage. About six times as many 
mites developed on medium-nitrogen, and 11 times 
as many on high-nitrogen plants, as on low-nitrogen 
plants. In the “nitrogen experiment,” fewer mites 
developed on the low-phosphorus and the low-potas- 
sium plants than on the corresponding plants in the 
phosphorus and the potassium experiment, respec- 
tively (table 4). 

As indicated above, the purpose of this work was 
to determine whether any correlation existed between 
the development of B. praetiosa and the mineral nu- 
trient content of its host plant. There is no doubt 
that the organic composition of the plant material 
the 
potassium 


varies with amounts of nitrogen, phosphorus, 
and supplied as nutrients in a culture 
solution, so that the mite responses observed might 
very well have been responses to the organic con- 
tents of the foliage as well as to the nutrient ele- 
ments themselves. 

The influence of nitrogen supply on the composition 
of the foliage was distinct, and the results of this re- 
search showed a direct relationship between high 
leaf nitrogen and high populations of the clover mite. 
In the author’s view, the population increase at the 
higher nitrogen levels may very well have resulted 
from more eggs being laid and hatching. Hamstead 


and Gould (1957) demonstrated a similar trend in 


the development of Metatetranychus ulmi Koch, and 
Rodriquez (1958) showed that “increasing nitrogen 
from 20 to 200 p.p.m.” effected significant increases 
both Koch and Tetranychus 
telarius (L.) on apple trees. 

However, the findings in the present work with 
Bryobia praetiosa were in contrast to those of Rod- 
riquez (1951) for Tetranychus bimaculatus Harvey. 


in Panonychus ulmi 


He found leaf nitrogen to be negatively correlated 
with mite populations, as more than three times as 
many 7etranychus developed on plants “low in nitro- 
3.72% those with “high nitrogen” 


gen” (3.72%) on 
that under the 


as 
(6.11%). He noted conditions of 
his test the optimum nutritional level of nitrogen for 
T. bimaculatus apparently was not higher than ap- 
proximately 3% dry weight of food. In the present 
work with B. practiosa the optimum level seemed 
nearer to 5%. Rodriquez reported “total nitrogen,” 
however. 

Table 4 shows that the nitrogen concentration in 
the foliage at “low phosphorus” was slightly higher 
than that at “medium nitrogen,” but the number of 
eggs laid and the percent of hatch were similar at 
both This mean that a difference of 
0.54% dry weight in leaf nitrogen was not sufficient 


levels. could o! 


to produce significant differences in mite responses. 


In fact, as the table shows, even a difference of 
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1.33% dry weight—that is, the difference between 
the leaf nitrogen contents at 10 and 50 p.p.m. N 
in the nutrient solutions—was insufficient to produce 
substantial differences in duration of oviposition, 
longevity of first-generation adults, postembryonic 
development, and duration of the adult stage. Interest- 
ingly, too, poor mite development occurred on the 
low-potassium plants (table 4) in spite of the high 
nitrogen content of the foliage at that level. Pre- 
sumably, the potassium content of the foliage was low 
enough to nullify the already demonstrated beneficial 
effect of the high nitrogen in clover mite develop- 
ment, which indicates to the author that the potassium 
level of the foliage does influence the development of 
clover mites feeding upon it. 

In view of these observations the author believes 
that an increase in clover mite populations occurs 
when the host plant is grown in a medium containing 
a nitrogen concentration higher than is required for 
the normal growth of plants. 

2. Relation Between Phosphorus Supply, Potas- 

sium Supply, the Supply of Three Concentrations of 

the Macronutrients of a Complete Nutrient Solution, 
and the Development of Bryobia praetiosa. 

The leaf content of phosphorus and of potassium 
increased with increased supply of these elements, re- 
spectively, in the nutrient solutions. Table 4 shows the 
relationships between compositions of the nutrient 
solutions, the phosphorus and potassium levels of 
lima bean foliage, three concentrations of the macro- 
nutrients of a complete nutrient solution, and the de- 
velopment of Bryobia praetiosa. The values in table 
4 represent the average measurements of 
45 mites, in three different experiments (using 15 
mites in each), each of which was performed twice 


response 


under different environmental conditions. 

In the three phosphorus experiments, the duration 
of postembryonic development was consistently short- 
er and the total number of second-generation adults 
per mite consistently higher at the medium concentra- 
tion of phosphorus in foliage than at the other two 
levels—except that in the second experiment the 
population was somewhat larger at the low-phos- 
phorus concentration than at the medium. However, 
the differences in the duration of postembryonic de- 
velopment at the three phosphorus levels were only 
slight, and the trends in the responses varied widely 
from one experiment to the next. 

In the three potassium experiments, the total num- 
bers of second-generation adults per mite was con- 
sistently larger at the medium concentration of leaf 
potassium than at the other levels, but again the dif- 
The trends in the other 
responses varied widely from one experiment to the 


ferences were only slight. 


next. 

In the three experiments involving different concen- 
trations of the macronutrients of the complete solu- 
tion, duration of oviposition, longevity of first-genera- 
tion mites, and the total numbers of second-generation 
adults per mite increased directly and consistently 
with increased concentrations of the macronutrients. 
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Although the number of eggs laid showed a similar 
increase in the second and third experiments, it de- 
creased in the first one but still remained, compara- 
tively, rather high at all levels of the nutrient supply. 
In all three experiments adult mites lived longer on 
plants that were supplied with the highest concen- 
tration of the macronutrients. 

Each of the three experiments (table 4), as noted 
above, was repeated twice, under different green- 
house conditions and at different times of the year. 
This might explain, in part, the different results ob- 
tained in different experiments. Changes in radiant 
energy and temperature are known to affect pro- 
foundly the organic composition of plant material. 
Although the humidity in the greenhouse varied from 
one experiment to the next, the construction of the 
mite cages was such that within them the relative 
humidity presumably was consistently high in all 
experiments. Just what effect the variations in tem- 
perature and humidity had on the clover mite is not 
known. 

Rodriquez (1954), in his work with Tetranychus 
bimaculatus, found that egg production 
relatively large quantities of phosphorus in the mite. 
Earlier, working with this same species, Rodriquez 
(1951) found that “absorbed” phosphorus, up to a 
level of 0.3% dry weight of tomato foliage, was posi- 
tively correlated with mite population, and that con- 
centrations that level were negatively 
related. In the present work a similar trend was seen 
only in the third phosphorus experiment, where the 


consumes 


above cor- 


phosphorus content of the foliage was directly re- 
lated to the number of eggs laid, the percent of hatch, 
the number of developing adults, and the duration of 
the adult stage. Here, too, the relationship existed 
only up to a level of 0.31% dry weight. The only 
generalized statement that can be made in the case 
of the phosphorus experiments is that clover mites 
develop best on plant leaves containing between 0.18% 
and 0.31% phosphorus on the dry-weight basis. 
This raises another question: At the medium con- 
centrations of phosphorus in foliage, were the mites 
responding to phosphorus per se, or were they re- 
sponding to another nutrient element (like nitrogen) 
concomitantly taken up by the plant at the medium 
concentration of the phosphorus supply. Indeed, the 
latter is a possibility. According to Mever and An- 
derson (1952), the roles of phosphorus and nitrogen 
in plant metabolism appear to be interrelated in a 
number of ways. These authors state that inorganic 
nitrogen compounds are readily absorbed and ac- 
cumulate in plant tissues when available phosphates 
On the other hand, when available phos- 
phates are abundant the absorption of nitrogen is de- 
pressed. On this basis, the author believes that the 
foliage of the medium-phosphorus plants contained 
sufficient concentrations of both phosphorus and nitro- 


are low. 


gen to produce the comparatively large clover-mite 
population at that level. It should also be pointed out 
here that the low-phosphorus treatments in the nitro- 
gen experiment (table 4) and in the phosphorus ex- 
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periment (table 4) utilized 0.5 and 1.0 p.p.m., respec- 
tively, in the nutrient solutions, and that, generally, 
the number of eggs laid and the percent of hatch 
were smaller at the 0.5 than at the 1.0 p.p.m. phos- 
phorus level. 

Allen and Selman (1955) found that significant 
reduction in egg production resulted when the mus- 
tard beetle, Phaedon cochleariae (F.), 
with leaves deficient in potassium, as compared with 
production they from 
plants grown in a complete nutrient solution. Rod- 
riquez (1951) found a direct relationship between the 
size of the Tetranychus bimaculatus population and 
the potassium supply. In the potassium experiments 
of the present study, the mites generally developed 


was supplied 


when were supplied leaves 


in largest numbers on leaves containing from 1.46% 
to 2.46% potassium (dry weight) and their numbers 
and 
nitrogen analyses were made of the foliage during 
whether the 


declined above below these levels. Since no 


the potassium experiments, nitrogen 
content of these leaves was instrumental in eliciting 
the observed mite responses cannot be stated with 
any certainty. 

Plants in the nitrogen experiment (table 4) that 
were provided the same amount of potassium (10 
p.p.m.) as in the low-potassium treatment of the 
potassium experiment (table 4) showed definite symp- 
toms of potassium deficiency, and it is reasonable to 
assume that the amount of potassium available to 
the mites feeding upon them was very low. The nitro- 
gen content of the foliage of these plants was very 
(4.91%); yet the developing mite population 
was very low. 


high 


In view of these observations, the author finds some 
justification for believing that the small populations 
of mites developing at low potassium were due to 
insufficient quantities of this element in the foliage 
at that level, but he has no explanation of the dif- 
ferences in the other responses shown by the mites 
feeding on low-potassium plants in the potassium 
experiments and in the nitrogen experiment, respec- 
tively 

\nalyses of the foliage of the plants grown at three 
concentrations of the salts of the complete solution 
are not included in table 4. All of the macronutrients 
of the complete solution were either reduced to 0.1, 
or their concentrations were tripled, so that it cannot 
be said which nutrient element may have been respon- 
sible for eliciting any particular mite response. How- 
ever, there are significant similarities between the de- 
velopmental trends in these experiments and those 
seen in the nitrogen experiments. In both cases, dura- 
tion of oviposition, longevity of first-generation adults, 
number of eggs laid, total number of second-genera- 
tion adults, and duration of the adult stage increased 
directly with increased nitrogen supply. Further, in 
both cases, when plants were supplied with low to 
medium concentration of nitrogen, this 
affect only slightly the mite longevity, duration of 
oviposition, duration of the adult stage, and number 


seemed to 


of eggs laid. 
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In view of these comparisons, the author believes 
that here again nitrogen was largely responsible for 
the development of large mite populations on plants 
supplied with triple concentrations of the macro- 
nutrient salts; and, further, that nitrogen, of the 
three investigated, is the most important single nu- 
trient element instrumental in encouraging develop- 
ment of the clover mite. 

Obviously, the present work does not present a 
full picture of the nutritional requirements of Bryo- 
bia praetiosa. A study of the correlations between 
the responses of this mite and the organic, rather 
than the inorganic, constituents of the plant host 
would provide useful additional knowledge of the 
biology of the clover mite. 
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Respiratory Pore Construction in the Host by the Nemestrinid Parasite 
Neorhynchocephalus sackenii (Diptera), With Notes 
on Respiratory Tube Characters’ 
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Entomology Research Division, Agric. Res. Serv., U. S. D. A. 


ABSTRACT 


After penetrating the grasshopper host in the unsclero- 
tized tissue just below the rows of spiracles, the parasitic 
larva punctures and enters the main tracheal trunks, 
wandering there and feeding on the inner surface for 
about 2 days. It then punctures the trachea again to make 
a partial exit just under the host’s integument, through 
which it cuts its respiratory pore while still maintaining 
contact with the host’s spiracular trachea, usually in an 
abdominal segment. Upon completion of the pore, the 
larva severs connection with the trachea, and, reversing 
its position, brings its metapneustic spiracles to the pore, 
which it plugs with the posterior end of its body. The 
respiratory tube which then begins to develop maintains 


Larvae of many insect species spend their develop- 
mental period sealed off from the atmosphere by the 
medium in which they live. These species have 
evolved several means for procuring necessary oxy- 
gen. A few, including some endoparasitic forms, 
have met the problem by the purely mechanical de- 
vice of a respiratory tube, comparable in function to 
the air hose of the old-time deep-sea diver. The distal 
end of the tube maintains contact with the outside air 
while the proximal end connects with the tracheal 
system of the larva through envelopment of its 
posterior spiracles. To this category of insects using 
such devices belong the larvae of certain nemestrinid 
species which are endoparasites of grasshopper (fig. 
Es 

The respiratory tubes of some of these larvae have 
already been described by a few observers. They ap- 
pear to have been unknown in the family Nemestrini- 
dae until briefly referred to by Potgieter (1929). 
This writer reported his observations on dipterous 
parasites attacking the brown locust, Locustana par- 
dalina (WIlk.), in South Africa. He applied the 
designation “the tailed-maggot fly” to the nemestrinid 
Trichopsidea costata (Lw.), larvae of which he found 
parasitizing this locust. He explained the term by 
saying, “It is called the tailed-maggot fly because in 
its early stages the larva possesses a conspicuous 
posterior ‘tail’ by which it attaches itself inside the 


1 Accepted for publication December 14, 1960 


the larva’s contact with the pore as the parasite moves 
deep into the host’s body cavity. When artificially para- 
sitized hosts molted, the parasite’s respiratory pore and 
tube were shed with the exuviae, and new were 
developed which differed in manner of formation, ap- 
pearance, and position. Another North American nemes- 
trinid, 7richopsidea clausa, makes no external pore but 
attaches its respiratory tube to the host’s spiracular 
tracheae, usually in the first abdominal segment. The 
African T. (Symmictus) flavopilosa, parasitic in a mucl 
larger grasshopper, makes its pore within 1 mm. of the 
host’s mesothoracic spiracle and develops respiratory tubes 
that may be twice as long as the larvae themselves. 


ones 


body of the locust.” Other than for the implied pur- 
pose of attachment to the host’s interior, Potgieter 
made no reference to the function of the “tail.” Nor 
did he describe it further except to say, “When the 
larva is full grown this ‘tail’ which is now almost 
twice the length of the larva itself, is shed and the 
‘tailless’ larva leaves the flier.” 

An illustrated morphological description of a ne- 
mestrinid larval respiratory tube was given by two 
Argentine workers, Crouzel and Salavin (1943), in 
connection with their studies of the nemestrinid 
Neorhynchocephalus sulphureus (Wied.). 

The respiratory tubes of those nemestrinid species 
which parasitize grasshoppers have a somewhat rope- 
like appearance owing to a spiral ridge which forms 
a series of closely appressed loops throughout the 
length of the tube (fig. 1). A corrugated effect is 
thus produced, which, without impairing flexibility, 
probably serves to strengthen the tube against ex- 
ternal pressures which might otherwise cause it to 
collapse. The tubes are a light chestnut-brown color 
except for their proximal extremity, which is en- 
larged to form a sheath or “funnel” for envelopment 
of the posterior larval segments (fig. 2). The sheath 
is sO membranous and transparent as to be virtually 
invisible when adhering closely to the parasite. While 
the larva is still in the first instar the respiratory tube 
and sheath are identical. As the larva grows, how- 
ever, the proximal end of the tube enlarges to form 
a progressively differentiated sheath. In the final 
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Fic. 1.—Early developmental stage of Trichopsidea flavopilosa larva in fourth-instar Schistocerca gregaria host. 


stage of growth, during which the larva loses its 
vermiform shape and becomes distinctly robust, the 
differentiation is extreme. In this stage a basal por- 
tion of the sheath develops which, unlike the sheath 
proper, is opaque and colored much like the respira- 
tory tube. This portion forms a thickened, semirigid 
respiratory cup which fits over the caudal extremity 
of the larva, enclosing the pair of spiracles. The tube, 
at this stage, does not lead directly into the cup from 
the rear as in less-developed larvae (fig. 1), but ap- 
proaches more or less perpendicularly to the larva’s 
body axis so as to form a distinct S-shaped curve 
(fig. 2). 

Respiratory tube development in 
attacking grasshoppers attains extremes rarely en- 
countered in association with other species of endo- 
parasitic insects. Well-developed respiratory sheaths 
or “funnels” connecting more or less directly with a 
perforation made in the host’s integument or tracheae 
are well known in association with the larval stage 
parasites. 


nemestrinids 


of several tachinid and hymenopterous 
These are discussed by Sweetman (1940), who con- 
tends that the tissue of the sheath is of host origin 
and is formed as an integumentary ingrowth from the 
margin of the perforation, or “respiratory pore,” 
made by the parasite either in the host’s integument 


or tracheae. 


Despite their extreme development, it seems proba- 
ble that the respiratory tubes of the Nemestrinidae 
are also derived from host tissue and are formed in 
essentially the same manner as the respiratory sheaths 
of the tachinid and hymenopterous parasites referred 
to above. If such conclusions are valid the remarkable 
development of nemestrinid respiratory tubes suggests 
that induced ingrowth of the host integument can 
be projected to remarkable extremes both quantita- 
tively and qualitatively. In this respect we witness a 
phenomenon of induced development in animal tissues 
comparable in that which takes 
place in plant tissues in the formation of complex 


some degree to 


insect galls. 


EXTERNAL RESPIRATORY STRUCTURES OF 
N. sackenti? ( Will.) 

Finding the Respiratory Pore-—During the sum- 
mer of 1950, while examining hosts parasitized by 
sackenti, the author noted occasional elongate, ex- 
ternal, amber-colored marks near spiracles of the 
hosts’ abdominal segments. Closer examination 
showed that each mark was the terminal portion of a 
sackenti parasite’s respiratory tube showing through 
the host’s integument and that each contained in its 


2 With respect to nemestrinid species, the nomenclature of 
Jequaert (1934) is followed in the present study. 
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Fic. 2—Almost full-grown Neorhynchocephalus sackenii larva showing respiratory sheath 


(made visible by acid fuchsin stain) enveloping posterior segments. 


distal extremity a perforation of the integument con- 
stituting the respiratory pore or external opening of 
the tube. Subsequent investigation of the literature 
revealed that an identical observation had been made 
10 years earlier, by Crouzel and Salavin (1943) in 
the course of their studies of parasitization of Ar- 
gentine grasshoppers by the nemestrinid N. sul- 
phureus. These workers stated that the parasitized 
hosts were recognizable upon external examination 
by the presence of a small, chesnut-colored mark, 
located sometimes at the bases of the coxae, but 
usually in the areas of articulation of the host’s 
abdominal segments. Mention was made that the 
marks sometimes occur at the level of the host’s 
spiracles. With magnification these workers were 
able to detect a small orifice in the mark which they 
recognized to be the breathing pore of the larval 
parasite’s respiratory tube. Although their published 
conclusion was that the pore was produced by the 
nemestrinid fly in piercing the host’s integument 
with its ovipositor, Crouzel in correspondence in- 
formed the author that it was subsequently realized 
that this conclusion erroneous. These authors 
gave measurements of sulphureus larval tube lengths 
of 8, 12, 15, and 16 mm. 

During the past decade the author has procured al- 
most yearly an abundance of sackenii life-stage and 
host material different locations in Oregon. 
These include mountain-glade areas on the LaGrande 
highway 17 miles southeast of Pendleton; rangeland 
in Morrow County 8 to 12 miles east of Heppner 
along Hinton Creek; rangeland in the Long Creek 
area of Grand County; and vacant weed-lots in the 
town of Forest Grove. The host, the migratory grass- 
hopper Melanoplus bilituratus (Walker), was ob- 
tained largely in the former three locations, and 
the red-legged grasshopper M. femur-rubrum (De 
Geer) in the latter location. It was from this ma- 
terial that most of the sackenti information was ob- 


Was 


from 


tained. The first instars of this parasite were found 
to produce respiratory pores in all the abdominal 
segments of the host that contain spiracles except 
the first. The pores occur with greatest frequency 
in the midabdominal segments. Since these segments 
are within close reach of the larva’s posterior end in 
its fixed position in the host, the respiratory tubes 
of sackenii tend to be fairly short (figs. 2, 3). In 
fully grown larvae they length from 6 
to 9 mm., or about half the length of the larvae them- 
In a few rare instances sackenii respiratory 


range in 


selves. 
pores were found located by thoracic spiracles. In 
order to reach these more distant locations, however, 


their tubes had become two to three times longer 
Such lengths indicate the presence of 


than normal. 
some regulatory influence that induces the tubes to 
grow to whatever length conforms with the needs of 
the individual larva. 
Penetration of Hosts by N. 
cult to understand why the 
sackenit should regularly have their pores situated 
The most 


sackenti—It was difh- 

respiratory tubes of 
close to the hosts’ spiracles (figs. 4, 8). 
plausible explanation seemed to be that the larvae 
gained entry through their hosts’ spiracles and started 
development of their respiratory tubes close to their 
point of entry. In addition to the universal proximity 
of the larval respiratory pores to the hosts’ spiracles 
was the fact that on first-instar 
sackenit larvae were actually found by dissection in- 
side host tracheal trunks close to the point of their 
junction with the abdominal spiracles. Also, tracheal 
respiratory 


several occasions 


trunks of spiracles adjacent to larval 
pores were often blackened and scarified internally 
by manifest feeding damage from invading larvae. 
Such blighted tracheal areas were always located in 
the general area of junction with the spiracular 
tracheae, which is to say, just inside the spiracle. 
Such tracheal damage was most noticeable in false 
host species such as the two-striped grasshopper, M. 
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Fic. 3—Half-grown Neorhynchocephalus sackenii larva 


bivittatus (Say), but also occurred occasionally in 


true hosts such as M. bilituratus and M. femur- 
rubrum. 

In spite of the above considerations, one or two 
points raised some doubt concerning the probability 
that the sackeni larva gained entry to its host 
through the spiracles. The larvae themselves are only 
about 0.1 mm. in diameter. Yet the host’s abdominal 
segments 3, 4, and 5 which are most frequently pene- 
trated, have spiracles which seem too small to per- 


mit entry (fig. 5). The thoracic spiracles, and those 
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in adult Meclanoplus femur-rubrum host. 


of the first abdominal segment, are huge by compari- 
son. Yet, in repeated tests, when free larvae of 
sackenii as well as those of the nemestrinid Trichopsi- 
dea clausa (O.S.) were placed directly upon these 
spiracles, they showed no disposition to enter. In 
fact no definite effort toward host penetration could 
be observed in clausa regardless of where the larvae 
were placed on the host. 

In the summer of 1956 the author 
effort to actual penetration of 
nemestrinid larvae. On this occasion, only free larvae 


renewed his 


observe hosts by 


Fic. 4.—Neorhynchocephalus sackenti larva respiratory tube terminals and pores in male Melanoplus femur- 
A, two primary tube terminals with visible pore in upper and concealed pore in lower; B, large 
>, remnant of primary respiratory tube projecting from host following loss of terminal 
section during host ecdysis. 


rubrum hosts: 
secondary-type pore; 
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Prescott: RESPIRATORY PorE CONSTRUCTION BY NEMESTRINID PARASITE 


Fic. 5.—Free Neorhynchocephalus sackenti larva beginning to penetrate fifth-instar Melano- 
plus bilituratus host through unsclerotized tissues below abdominal spiracles. 


of sackenti were employed, and with decidely positive 
results. Instead of entering the spiracles the larvae 
regularly penetrated the host by puncturing the soft 
lateroventral abdominal tissues. M. bilituratus and 
femur-rubrum were the chief host species used; but 
several other grasshoppers that were not host species 
of sackenii were also tested. These included the clear- 


winged grasshopper Camnula pellucida (Scud.), M. 
bivittatus, the Carolina grasshopper Dissosteria caro- 
lina L., and others. 

The free sackeniti larvae (fig. 6), which are about 
0.65 mm. long and barely visible to the naked eye, 
were hatched in small, stoppered vials from fly eggs 
gathered in the field. When not in use, the vials 


Fic. 6.—First-instar Neorhynchocephalus sackeniti larva. 
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were kept under refrigeration at about 38° F. In this 
manner the larvae were rendered inactive and their 
survival greatly a given stock 
could be utilized repeatedly for experimental pur- 
poses over a period of 4 to 6 weeks. In the process 


prolonged so that 


of artificial parasitization, the larvae were warmed 
to room temperature and transferred singly under 
a binocular microscope from the vials to the end of 
a dissecting needle, to which they tended to cling 
ventral surfaces. 


when contacted on their lateral or 
From the dissecting needle they were then easily 


abdominal surfaces of 
Usually but a 


transferred to the ventral 
grasshoppers held in the left hand. 
single larva was planted on each host. 
Response of the larvae in the 1956 tests was almost 
immediate. After a brief exploratory interval a larva 
soon found its way to the soft, unsclerotized tissues 
connecting the sternum with the laterotergum, just 
below the host’s rows of abdominal spiracles (fig. 
5). Once it had arrived at this area, after brief 
localized prodding, it usually settled down in one place 
and cut through the host’s integument with its mandi- 
bles. Larvae succeeded in effecting complete pene- 
tration of the host in from 1 to 10 minutes from 
the time of contact. In repeating these tests in subse- 
quent years, different lots of larvae were found highly 
variable in their readiness to penetrate the host. Us- 
ually nearly all the larvae of a given hatch responded 
similarly. Some lots showed a persistent tendency to 
wander over the host and could not be induced to 
settle down to the task of host penetration. Larvae 
of other lots would steady down promptly but showed 
a high degree of variability in the speed with which 
they were able to effect penetration. The 1956 lot 
of larvae effected complete penetration in an average 
of 4%4 minutes per larva from the moment of host 
contact. Average time for the 1958 lot was over an 


Fic. 7—Neorhynchocephalus sackenii first-instar larva beneath host integument extending 
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The explanation of these differences was not 
So far as penetration of grasshoppers is 


hour. 
apparent. 
concerned the larvae made no evident distinction be- 
tween fourth or fifth instars or old hardened adults, 
or, in many instances, between true host species and 
species in which they were unable to develop suc- 
cessfully. 

The largest portion of time and effort consumed 
by the larva in penetration of the host was involved 
in cutting through the integumentary membrane. 
Once a small puncture had been produced complete 
penetration was effected in a fairly short time. As 
soon as the larva had penetrated the integument the 
puncture by which it had entered immediately closed, 
with no trace apparent. 

On the dorsal surface of the larva’s thorax are 15 
or 20 arrowhead-shaped structures—probably bristles. 
These are directed caudad and may serve to give 
unidirectional traction to the larva in forcing its 
way through the puncture. As the larva proceeds 
its mouthparts can be seen working energetically, 
cutting away obstructing host tissues. 

Invasion of Host’s Tracheae.—Aiter the sackenit 
larva has effected complete penetration, it can often 
be seen for some time lying immediately beneath the 
somewhat transparent host membrane, close to the 
locus of penetration. Within an hour or two, however, 
most larvae will have moved too far into the tissues 
to be followed without host dissection. In order to 
study the activities of the larva from this point on- 
ward, several dozen M. femur-rubrum adults were 
artificially parasitized, each with a single sackenii 
larva, and placed in shell vials, 1 inch in diameter, 
that were stoppered with cotton. Each vial was 
numbered and the date and exact time each 
penetrated its host was recorded. A small quantity 
of clover and bran was placed daily in each vial for 


larva 


itself outside the 


spiracular trachea to cut its respiratory pore: A, larva just beginning to emerge from the trachea; B, larva fully 
emerged from trachea but drawing on tracheal air supply while engaged in cutting the respiratory pore on the 


told of the host’s integument. 
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food. Some hosts were dissected 20 hours after 
sackenii penetration, and the larvae were found in 
the longitudinal tracheal trunks that interconnect 
the spiracles. By briefly boiling beheaded hosts in 
water before dissection, tracheae were flooded and 
thereby rendered transparent so that invading larvae 
could be readily detected. 

Cutting the Respiratory Pore.—In live hosts the 
larvae reappeared beneath the host integument to 
cut their respiratory pores from 41 to 53 hours after 
host penetration. Owing to the wandering of the 
parasite in the host’s tracheae, the location at which 
it appeared in order to cut its respiratory pore was 
usually somewhat removed from its locus of pene- 
tration. Pores were cut as far as three segments 
away, either anteriorly or posteriorly, from the one 
penetrated. Nearly half of the time penetrations were 
made on the right side of the host and pores were cut 
on the left side, or vice versa. Only occasionally and 
by chance did the pores appear near the locus of 
the parasite’s penetration. 

From 40 to 50 hours from the time of host pene- 
tration the larvae ceased their random tracheal wan- 
derings and sought out the short spiracular tracheae 
inside of which they were thereafter found heading 
diagonally ventrad and caudad. In some instances 
a larva was found with its body entirely within a 
spiracular trachea; in others it had already started 
to leave the trachea through an incision cut in the 
tracheal wall next to the inner surface of the in- 
tegument and at the point of tracheal attachment to 
the posterior margin of the spiracle. All degrees of 
emergence from the spiracular tracheae were ob- 
served, from partial to almost complete. Appearance 
of a larva in the spiracular trachea headed ectad 
signaled its readiness shortly to break through the 
tracheal wall (fig. 7A) and begin cutting its in- 
dependent pore to the host’s exterior. 

The position of the larva while cutting the pore 
is rather uniform. The larva, visible just under the 
host’s integument, lies extended full-length away from 
one of the host’s abdominal spiracles while it pro- 
ceeds to cut its vent in the longitudinal fold beneath 
the spiracle row (fig. 7B). During the vent-cutting 
process the larva assures itself of an air supply 
by maintaining connection at its posterior end with 
the host’s spiracular trachea. Thus, the riddle of the 
close proximity of the parasite’s breathing pores to 
the host’s spiracles was solved. 

On numerous occasions the pore-cutting process 
was observed to completion. The larva works meth- 
odically and the mandibles can be seen cutting and 
enlarging a neat, elliptical hole through the host's 
integument. Considerable time is also devoted to ex- 
cavating a chamber in the host’s tissues immediately 
inside the pore, to receive the larva’s posterior end 
and to make room for the distal end of the respira- 
tory tube that will develop after the pore is completed. 

Four to five hours are required to complete the 
pore-cutting process, after which the larva takes 
about 1 minute to reverse its directional heading. This 
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is done by severing its air connection with the host’s 
trachea and effecting a sharp U-turn until its pos- 
terior, spiracle-bearing segment contacts the pore 
that it then proceeds to plug. In the new position the 
larva faces cephalad to the host and its body axis 
usually forms a slight angle to its previous position 
so that its head is directed below the host’s spiracle. 
The two positions occupied by the larva, one while 
cutting the pore and the other immediately after, are 
often permanently registered on the host’s integument 
in the form of a light-amber to dark-brown mark, 
shaped like a recumbent “V” (fig. 8). The upper 
limb of the “V” indicates the position occupied by 
the larva while cutting the pore, and the lower limb, 
which is the respiratory tube terminal, indicates the 
position taken immediately after the pore is com- 
pleted and the larva has reversed position. The 
respiratory pore, not visible in the photograph, is 
typically on the ventral side of the “V” mark near 
its apex. 

The posterior end of the larva can be seen through 
its newly cut pore for a day or two, after which it 
gradually recedes from view within the host as the 
respiratory tube develops. 

Pores cut through the host’s integument by the 
first-instar sackenii larva are herewith termed pri- 
mary respiratory pores and the tubes that develop 
from them, primary respiratory tubes, to distinguish 


Fic. 8.—Typical recumbent “V” marks (arrows) pro- 
duced by Neorhynchocephalus sackenii larvae on abdomen 
of male Melanoplus femur-rubrum host. 
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them from a type of pore and tube occasionally pro- 
duced in a later larval stage of the parasite, follow- 
ing moult of the host. 

Characteristics of the Primary Respiratory Pore— 
The spiracles of insects have special provision such 
as guard hairs, inner valves, and other structures 
that serve to protect them from the hazards of be- 
coming plugged or invaded by animate or inanimate 
foreign bodies. The primary pores of sackenii larvae, 
situated on the ventral surface of the host’s abdomen, 
where they are in frequent contact with the litter 
of the host’s substratum, would be particularly ex- 
posed to such hazards were there no special safe- 
guards. This arrangement may explain what appears 
to be a rather ingenious and precisely contrived pore 
system. The pore is cut on the more-or-less vertical 
face of the longitudinal integumentary fold (fig. 4A), 
and normally faces away from the substratum and 
toward the host’s body. In this situation it is sheltered 
and either difficult or impossible to see unless the 
host’s integumentary fold is rolled back sufficiently 
to expose it to Occasionally, however, pri- 
mary pores are encountered which deviate from 
the normal and are in open view. Figure 4A 
shows the terminal portion of two respiratory tubes 
showing through the host’s integument in charac- 
teristic manner. The pore can be seen in the upper 
tube but is concealed from view in the lower one. 
The primary pore is normally subelliptical in shape, 
about 0.12 mm. in its greatest diameter, and occurs 
at one side of the tube next to the end. The terminal 
section of the tube runs parallel to the plane of the 
host’s integument and adheres to its inner surface. 
This is the portion (fig. 4A and fig. 8) that shows 
externally as a visible mark on the host and facilitates 
recognition of parasitized individuals in the field. 

Characteristics of the Secondary Respiratory Pore. 
—Occasionally hosts are found bearing sackenii pores 
of a special type. Nearly always such pores are 
unusually large and are located just anterior to the 
associated abdominal spiracle rather than posterior 
to it, as are typical primary pores. They are some- 
times partially concealed beneath the overlapping 
margin of the preceding segment, but when the seg- 
ments are extended they are exposed to open view 
(fig. 4B). The explanation for this type of pore was 


view. 


finally discovered while rearing parasitized grass- 
hopper nymphs of M. bilituratus and M. femur- 


rubrum to the adult stage. These hosts were arti- 
ficially parasitized in the fourth and fifth instars with 
sackenii larvae. The purpose was two-fold, namely 
(1) to determine whether the respiratory pore, once 
established, would persist in the succeeding stadia 
following ecdysis of the host, and (2) in the event 
it did persist to ascertain by what means, since the 
original pore would certainly be cast off with the 
host’s exuviae. It seemed doubtful that the larva, after 
having transformed to a sedentary second or third 
instar, would be adapted to the physical task of cut- 
ting a new respiratory pore. The experiments with 
the reared parasitized hosts showed, however, that 


[Vol. 54 


the pore normally did persist after host ecdysis in 
the sense that it was promptly replaced by a new one 
but differed from the primary pore in size, shape, 
method of formation, and even in location. This type 
of respiratory pore corresponded exactly with the 
unusual ones above described, and for purposes of 
identification is herein termed the secondary pore. 
The part the larvae played in establishing the second- 
ary pore appeared to be largely passive and perhaps 
accidental, although these points are conjectural. 

Establishment of the secondary pore may best be 
explained by beginning with the condition of the host 
just prior to its moult. At this time it is still in 
possession of its old integument, beneath which lies 
the new one. Beginning with the parasite’s original 
(primary) pore on a given abdominal host segment, 
the tube leads forward between the old and the new 
integumentary layers and adheres closely to the in- 
ner wall of the old until it reaches a point just an- 
terior to the spiracle. Here it angles inward and 
penetrates the new integument. It is this point of 
penetration that constitutes the locus of the secondary 
respiratory pore which is formed after host ecdysis. 
The parasite’s tube is shed during the host’s moult 
along with the exuviae, since the distal end of the 
tube is firmly attached to it. As the tube is extracted 
through the orifice that serves as an entrance to the 
host’s body wall, the parasite is also towed rearward 
until its caudal spiracle-bearing segment becomes 
lodged in the orifice. At this point the enveloping 
proximal end of the respiratory tube slips away from 
the larva’s posterior end. The tube in its entirety 
is then free to pass off with the host’s exuviae. The 
truncated posterior end of the larva, with its pair 
of metapneustic spiracles exposed to view, remains 
plugging the orifice (which has now become the 
secondary pore) for a period of 36 to 48 hours. This 
position prevents the pore from closing until the para- 
site has had time to form the beginning of a new 
(secondary) respiratory tube, the slightly rigid 
quality of which serves to hold the pore open. In 
about 48 hours the larva begins receding gradually 
into the host as a newly developed respiratory tube 
grows in length. 

When parasitization takes place in the host’s fourth 
instar, as rarely happens in nature, a secondary pore 
and tube are formed when the host attains the fifth 
instar and a tertiary pore and tube when it attains 
the adult stage. In this case the parasite’s respiratory 
tube is shed with the host’s exuviae for the second 
time, but the secondary and tertiary pores are formed 
in exactly the same manner, occupy the same precise 
location, and have the same appearance. 

Ecdysis of the host has its hazards for the larva, 
which sometimes is unable to develop a secondary 
pore. In this event the orifice from which the larva’s 
primary tube was extracted closes, heals over, and 
the parasite presumably suffocates. The reason for 
this failure was not explored. However, it may be 
caused by the respiratory tube slipping away before 
the posterior end of the larva can get into a posi- 
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tion to plug the orifice and thereby prevent closure. 
The recognizable scars of healed-over orifices some- 
times occur fairly often in members of heavily para- 
sitized host populations. 

Occasionally the pull by the host exuviae in the 
process of moulting causes the respiratory tube to 
break into two sections. In this event the posterior 
section only is cast off with the exuviae whereas the 
anterior section remains attached to the larva, with 
its distal end protruding from the host like a chim- 
ney (fig. 4C). In such instance the larva, with its 
air supply intact, develops normally. 

The size of the respiratory pore is adapted to ac- 
commodate the larva’s posterior segments until the 
respiratory tube begins to form. In this initial stage, 
therefore, its diameter and that of the contacting lar- 
val segments are practically identical. The secondary 
and tertiary pores are produced after the larva has 
developed to the second or third instar and are from 
0.25 to 0.33 mm. in diameter or from two to three 
times the maximum diameter of the oblong primary 
pores produced by first-instar larvae. They would, 
undoubtedly, be much larger were it not for the fact 
that larval development is greatly retarded as long as 
the host is in the nymphal stage. This brake on larval 
development is compounded owing to the fact that de- 
velopment of the host nymphal stage is greatly re- 
tarded in turn by parasitization. When hosts were 
parasitized in their fourth or fifth instars larvae never 
emerged until 3 weeks or more after the hosts had 
reached the adult stage, or 60 to 80 days after pene- 
tration. Larvae usually emerged from hosts para- 
sitized in the adult stage in 35 to 40 days. 

In 1959 records were kept of the number of pri- 
and 
collections of 


pores occurring in different 
parasitized adult M. femur-rubrum 
Primary pores constituted 86 percent of the 
total, indicating that this percentage of parasitization 
was initiated in the adult stage of the host. The re- 
maining 14 percent was initiated in the hosts’ fifth 
instar. - 


mary secondary 


hosts. 


COMPARISON OF sackenii EXTERNAL RESPIRATORY 
STRUCTURES WITH THOSE OF TWO NEMESTRINID 
SPECIES OF GENUS Trichopsidea 
were made on the external larval 
respiratory structures of two other nemestrinid spe- 
cies, Trichopsidea clausa (O.S.) and T. (Symmictus ) 
flavopilosa (Bigot), in addition to N. sackenii. Cer- 
tain striking differences distinguished the respiratory 
structures of all three of these species. First, the 
respiratory tubes of each attach with marked uni- 
formity to a particular body area of the host, the body 
area differing for each species. The difference in the 
location of tube attachment effects the respiratory 
tube length necessary to reach the point of attach- 
ment in the host, hence tube length becomes a second 
distinguishing difference. The reason for this dif- 
ference relates to the fact that as the nemestrinid 
larva develops it gradually orients its body axis and 
directional heading with that of the host. As the 


Observations 


PRESCOTT: RESPIRATORY PORE CONSTRUCTION BY NEMESTRINID PARASITE 


larva approaches maturity, it fills up the host’s body 
cavity so snugly that it becomes virtually fixed. At 
maturity the larva’s head projects well forward into 
the thorax and its body extends far back into the 
abdominal cavity of the host. 

The mature larvae of all three of the nemestrinid 
species named are of about equal size, normal in- 
dividuals ranging from 11 to 20 mm. long. Larger 
hosts tend to produce larger larvae whether the dif- 
ference in host size is attributed to species or sex. 
In grasshopper species females usually exceed males 
in size, hence usually produce somewhat 
nemestrinid parasites. 

Respiratory Tubes of T. (Symmictus) flavopilosa 
—An interesting comparison with tubes 
was afforded when the author examined q ship- 
ment of nine fourth- and fifth-instar nymphs of the 
desert locust, Schistocerca gregaria (Forsk.), para- 
sitized by larvae of the nemestrinid 7. flavopilosa. 
These were received through the courtesy of D. J. 
Greathead, research entomologist of the Anti-Locust 
Research Centre, England, who collected them in 
1953 in Ethiopia, Africa. The flavopilosa tubes, like 
those of the two Neorhynchocephalus species sul- 
phureus and sackenti previously discussed, made con- 
tact with the outside air through a pore cut by the 
larva through the host’s integument. Whereas the 
sackemii pores were normally located on spiracle- 
abdominal 


larger 


sackenti 


location of the 
flavopilosa pores was even more precise. They were 


bearing segments, the 
all situated within about 1 mm. of one of the meso- 
thoracic spiracles, directly beneath the edge of the 
pronotal shield. All but one were located directly 
above the spiracle (fig. 9). The exceptional pore 
was located just below the spiracle. In order to 
reach this forward position flavopilosa tubes attain 
extraordinary lengths (fig. 1). Full-grown 
had tubes twice as long as themselves. Such length 
is comparable to that cited by Potgieter for tubes 
of 7. costata in the brown locust of South Africa. 
When respiratory pores are situated in anterior body 
areas of the host, the added distance over which the 
parasite’s respiratory tubes must extend to reach 
such points is further increased with the size of the 
host. The desert locust, host of flavopilosa, is 32 
mm. long in its fourth instar compared with an adult 
body length of 24 mm. for bilituratus, the principal 
host of sackenit. 

Greathead (1958) determined from his studies in 
Ethiopia and Kenya, Africa, that flavopilosa para- 
sitizes the desert locust exclusively in this insect’s 
nymphal stages. The full-grown larvae emerge when 
their hosts are in the fourth and, to lesser degree. 
the fifth instar. Of the shipment of nine parasitized 
gregaria fourth- and fifth-instar nymphs received 
from Greathead, all had flavopilosa respiratory pores 
(fig. 9) which in size and other respects resembled 
the secondary pores produced following ecdysis of 
hosts parasitized by sackeni. It 


larvae 


seems probable. 
therefore, that these hosts were parasitized in an 
earlier stadium, probably in the third instar. 
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Fic. 9.—Fifth-instar Schistocerca gregaria host with pronotal shield elevated to 


show 
mesothoracic spiracle (B). 


Respiratory Tubes of Trichopsidea 
The larval respiratory tubes of clausa differ from 
those of the two Neorhynchocephalus species, sackenit 
and sulphureus, and of T. flavopilosa in that they 
have no independent pore to the host’s exterior but 
utilize the spiracles. This fact was first noted by 
Spencer (1945) in British Columbia, when his dis- 
section of the host Camnula pellucida (Scud.), para- 
sitized by clausa larvae, revealed that the respiratory 
tubes connected internally with the host’s tracheal 
system. This connection was verified by York and 
the author (1952) when were made of 
many clausa grasshopper hosts collected on range- 
lands of southeastern Montana. The host species 
in this instance were Metator pardalinus (Saus.) 
and Arphia pseudonietana (Thom.). In these dis- 
sections the clausa respiratory tubes invariably were 
shown to join one of the host’s spiracular tracheae 
Connections occasionally took 


clausa.— 


dissections 


close to the spiracle. 
place in the thorax but the great majority were with 
one of the spiracular tracheae of the first abdominal 
segment. The spiracles of these tracheae are located 
on the anterior margin of the tympana. The first 
abdominal segment in the grasshopper has become 
structurally merged with the thorax and is func- 
tionally more a part of the thorax than of the ab- 
domen. To reach this location with a little extra 
length for flexibility the clausa tubes tend to be about 
as long as the full-grown larvae themselves, hence are 
intermediate in length between the extremely long 
tubes of flavopilosa and the rather short tubes of 
sackenii. 


Trichopsidea flavopilosa larval respiratory pore (A), located just above host's 
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Bio-Ecology of Some Eurygaster Species in Central California 
(Pentatomidae-Scutellerinae)' 


SAMAD VOJDANI?* 


ABSTRACT 


In Central California, Eurygaster amerinda Bliven and 
E. minidoka Bliven occur in open woodlands in the foot- 
hill area, and feed principally on wild oats. Under certain 
conditions, they shift to other host plants (Amsinckia, 
Ranunculus, and Lolium). Both species have one genera- 
tion per year, with a developmental period of 70 to 90 
days; from June or July until March or April they are in 
adult diapause. In the Berkeley Hills, the habitat of E. 
amerinda is relatively undisturbed, with dormancy shelter 


Up to the present time, the species of the genus 
Eurygaster in the United States have not been 
studied intensively. This is probably because they 
are not considered injurious insects. However, a 
general review of the situation of these bugs in the 
Old World shows that very similar species there are 
among the most important pests of cereal crops. In- 
deed, among the 12 species known to date in the Old 
World (Péneau 1911, Vojdani 1954), five are serious 
pests: E. integriceps Puton, E. maura Linné, E. hot- 
tentata Fieber, E. austriaca Schrk., E. testudinaria 
Geoff.; and two, E. dilaticollis Dohrn and E. sodalis 
Horvath, are considered occasional pests (see Fedo- 
tov et al. 1947, Alexandrov 1947-48, Jourdan 1957, 
Vojdani 1954). 

Conceivably, the New World Eurygaster species 
may develop into major pests as their counterparts 
have done in the Old World. With this a possibility, 
it seems appropriate to study all aspects of the 
Nearctic Eurygaster in their present situation. A 
knowledge of their ecology perhaps will enable en- 
tomologists to prevent or forestall the creation of a 
new pest. 

Vojdani (1961), in a recent revision of the Nearc- 
tic Eurygaster, recognized four species as being in 
the New World. These are Eurygaster alternata 
Say, E. shoshone Kirkaldy, E. Bliven and 
E. minidoka Bliven. The present paper presents some 
aspects of the life cycles and ecology of the latter two 
species, which are the most common in California. 


amerinda 


NATURE OF Eurygaster HABITATS IN CALIFORNIA 

Since most of these field studies concerning the life 
cycle and ecology of Eurygaster were conducted in 
two areas in central California, it is 
describe briefly the characteristics of the habitats as 
far as they are related to the development and _ be- 
havior of these insects. 

These two localities are on the west-facing slopes 
of the coast range. One is in the Berkeley Hills east 


necessary to 
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sites and feeding areas so close together that migratory 
movement is insignificant. In Pacheco Pass, the grass- 
lands in the vicinity of the dormancy sites are grazed 
early in February and March, and at the time of emer- 
gence in April the bugs fly to lower rangelands. The 
adaptation of E. amerinda and E. minidoka to the wild 
oat, an introduced grain, shows that they have the adaptive 
ability to become pests of cultivated cereals in the United 
States. 


of San Francisco Bay, where only E. amerinda is 
found, and the other locality is southeast of Berkeley 
about 100 miles, in the Pacheco Pass (Bell Station), 
Santa Clara County. Here three species, E. amerinda, 
E. minidoka, and E. shoshone, occur together ( Voj- 
dani 1961). 

Although these two areas are located in the Diablo 
Range, which is one of the three branches of the 
coastal mountains, there is a significant difference in 
their climates and the usage of land. 

The Berkeley Hills represent the northern extremity 
of the Diablo Range overlooking the San Francisco 
Bay, which lies to the west. These hills are under 
the direct influence of the Pacific Ocean. The cli- 
matic picture is a typical aspect of a humid meso- 
thermal climate, or the so-called “Marine cool sum- 
mer” (Trewartha 1954). This climate is characterized 
by a wet, mild winter and a long, mild, humid sum- 
mer (fig. 1). The area is largely residential. How- 
ever a considerable part of these hills has been set 
aside as a park, Tilden Regional Park. Even though 
somewhat modified with typical park facilities, there 
are still hundreds of acres of natural chaparral and 
woodland grass, which are mostly oak savanna. In 
this area, 
rains in September or October and continues to grow 
more or less uniformly during the fall and winter. 


the. grass germinates soon after the first 


During the spring, grass growth is prolonged as com- 
pared to the similar woodland grass that surrounds 
the Central Valley. In the Berkeley Hills, the grass 
dries by late spring or early summer. In addition, 
the grass here is neither grazed nor cut, thus per- 
mitting complete annual growth. The natural habi- 
tats in the Berkeley Hills area will become more and 
more limited by further park development. 

Grasses and other herbaceous vegetation are ex- 
tremely diverse, but the following are more impor- 
tant with respect to Eurygaster existence. Wild oat, 
Avena spp., is a dominant grass and is the principal 
host of these The buttercup, 
californica Benth., and Amsinckia intermedia F. & 


insects. Ranunculus 
M., as alternate hosts are adequately distributed. 
Perennial plants such as oaks, pines, coyote brush, 
Baccharis pilularis DC., sagebrush, Artemisia spp., 
that provide desirable shelter sites for overwintering 
adults are favorably scattered. 
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Fic. 1—The long-term means of rainfall and temperature for Berkeley area. 


Pacheco Pass is about 50 miles inland from the 
coast. The Santa Cruz Mountains, another branch of 
the coastal range, separates this area from the ocean. 
Therefore this intermediate region .is influenced 
chiefly by the Mediterranean climate type of the San 
Joaquin Valley which lies about 10 miles farther 
inland, and is characterized by relatively wet, mild 
winters and long, hot, dry summers (fig. 2). 

This mountainous area with intermediate 
tions of 300 to 2,500 feet is typical woodland grass 
like the floral belt that surrounds the Central Valley. 
The dominant trees are the various species of oak, 
Quercus, and several kinds of shrubs such as sage- 
brush, chamise, Adenostema faciculatum, redberry, 
Ramnus crocea, poison oak, Rhus diversiloba, etc. 


eleva- 


The understory is essentially herbaceous forage; 
these forages are extremely diverse and composed 
of hundreds of species of grasses and forbs. Among 
the more important grasses are red brome, Bromus 
rubens, wild oat, and rye grass, Lolium spp. The 
most common forbs are Amsinckia, Erodium spp., 
bur clover, Medicago hispida, Lupinus spp. and a few 
scattered spots of Ranunculus. 

The hillsides of this region become green soon after 
the first rains in the early fall. The grows 
relatively fast at this time. The growth during the 
winter is very slow, and with the return of warmer 
weather in March the grass again grows rapidly. 
The plants mature and dry in late April and early 


May. 


grass 
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Fic. 2—The long-term mean of rainfall and temperature 


Pacheco Pass area). 


Because of the topographical conditions and lack 


of water, the farming in this area is almost re- 
stricted to raising livestock; hence the land is used 
for range. The low acreage cultivated is located in 
the small valleys and plateaus, and is mostly used for 
dry farming of barley. Also some orchards and 
vegetables are irrigated by wellwater in the valleys. 
It has been estimated that 90% of the land within 
a radius of 3 miles of Bell Station is used as natural 
range and for voluntary hay production, with only 
3% used for dry farming of barley which is planted 
1 year out of 3, so that only 1% of this area is cul- 
tivated each year. The remaining 7% of land is 
rocky and unutilizable. The percentage of the culti- 
vated lands in the same area extending a _ radius 
of 6 miles increases to 7%. Of this amount about 
3% supports miscellaneous crops, orchards, alfalfa, 
and 4% is used for dry farming of bar- 
cultivated 
used for 


and vegetables 
ley. Extending the radius to 10 miles, the 
land is not more than 12%, with only 3% 
miscellaneous crops and 9% for dry farming of barley. 

Since range land in this area is the most important 
agricultural resource, good grazing systems and pro- 


TEMPERATURE-C°: 














for Hollister (nearest available weather records to 


management are 
condition. 


necessary to 
Some 


gressive range pre- 
serve the range in 
even artificially reseed the range, which is a modern 
but expensive method of range management. 

Most of the range is grazed as soon as sufficient 
occurred, which is usually from 
February to middle of April. A considerable part is 
cut in April when the grass is still green, and is left 
on the ground in order to have suitable forage for 
summer. Some of the dry-farmed barley is also cut 
and used as forage at the same time. Very little 
barley is harvested in late June for grain. 


good ranchers 


grass growth has 


LIFE CYCLE OF Eurygaster IN CALIFORNIA 
It is suspected that the four Eurygaster species 
above have similar life cycles, but the 
following observations are based mainly on E. 
amerinda and E. minidoka. Eurygaster occurs in the 
woodland grass areas on foothills and slopes of the 
mountains in northern California, and, all the 
Palaearctic species, there is only one generation a 
year. In late March to early April when the annual 
grasses begin to flower (grain formation), the Eury- 


mentioned 
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gaster emerge from their dormancy, and move to the 
grasses where they begin to feed. After several days 
of feeding they become sexually mature and mate. 
Oviposition begins from 4 to 10 days after copula- 
tion and can continue intermittently until May. Each 
female deposits 50 to 70 eggs during its lifetime. The 


eggs are generally laid in groups of 12 to 14. The 


groups of eggs are arranged in two parallel, con- 


tiguous rows on the lower leaves or on any other sur- 
face near the ground. The eggs of EF. amerinda are 
spherical while those of E. minidoka are slightly ob- 
long. The newly deposited eggs are light green or 
greyish and possess their characteristic micropylar 
structures on the anterior pole (Poisson 1933). The 
incubation period is related directly to temperature. 
In the field the incubation period is about 10 to 15 
days, while in the laboratory at 28° to 30° C. the eggs 
hatch in 7 days. The different phases of embryonic 
development are visible through the transparent 
chorion, and are similar to those of E. integriceps 
(Vojdani 1954). The postembryonic development 
involves five instars. 

The first-instar nymphs immediately after hatching 
are yellowish-cream in color, but in a few minutes 
they turn to a metallic dark brown. The nymphs 
at this stage are quiescent, and for the first 2 or 
3 days of the second instar the nymphs are also in- 
active. They usually stay around their egg shells, 
and during this period they do not feed on the plants. 
The phototactic response at this period is negative, 
and if the nymphs are disturbed or exposed to the 
light, they move immediately toward darker areas. 
The deposition of eggs near the ground and in per- 
manent shade has a significant survival value. Lab- 
oratory observations show that more than 50% of 
E. amerinda’s eggs exposed to the direct sunshine in 
May for 2 days will fail to hatch, and 100% mortality 
resulted when the eggs were exposed to an incandes- 
cent 150-watt electric light bulb at a distance of 40 
centimeters for a period of about 6 hours. 

The developmental period of the first-instar nymph 
is relatively short as compared to the other instars. 
In the field, this stage takes about 4 to 6 days, and 
in the laboratory at 28° to 30° C. only 2 days are 
required. 

At the end of the second instar’s development, the 
nymphs climb to the tops of plants and begin to feed 
on tender leaves and stems. From now on the photo- 
tactic response is positive and the nymphs can be 
found on the sunny side of the plants, particularly in 
early morning or after a cloudy period of the day. 

Following the first instar, the nymphs progressively 
become paler. Thus the fourth and fifth instars of 
FE. amerinda are light reddish-green, and E. minidoka 
is greyish with dark-colored punctures. The inten- 
sive feeding of Eurygaster begins at the beginning 
of the third nymphal stage. During most of the day 
they remain on tops of oat plants. The grain at this 
time is still in the milky and soft-dough stage. Oc- 
casionally, the nymphs stop feeding during short 
periods on hot days between 1 and 3 p.m., when the 
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temperature at the level of the plants is about 35 
C. At this time they move down the stem and remain 
in the shade. 

The period of the nymphal development is about 
30 to 45 days, depending on the weather conditions. 
The shortest stage is the first instar, which takes 
4 to 6 days, and the longest preimaginal stage is the 
last instar, which requires 10 to 15 days. The first 
adults of the new generation appear during the first 
half of May, and they are commonly found by the end 
of May. These adults feed for 5 to 10 days, and dur- 
ing this feeding period large amounts of fat are stored 
which permit them to survive their dormant state. 
By the middle of July, Eurygaster are almost im- 
possible to find in the grass where they had developed, 
for now they have moved to their summer-winter 
shelters. 

Food Plants——The principal and preferred host of 
any stage of Eurygaster (E. amerinda and E. mini- 
doka) in California is the wild oat (Avena fatua). 
The grain of the oat is the plant part utilized. The 
bug begins sucking on the grain as soon as it forms 
and continues until shattering time. However, the 
location and more particularly the annual weather 
conditions influence the choice of food plants. When 
the growth of the oat grass for any reason is delayed, 
the overwintered bug cannot find suitable oat grain 
in early spring. Or, on the contrary, when annual 
conditions accelerate the maturity of the wild oat and 
the grain becomes hard early in the season, before the 
bugs of the new generation complete their develop- 
ment, Eurygaster is forced to feed on the other 
plants. Amsinckia intermedia is the alternate host 
plant in the Pacheco Pass area for the overwintered 
adults of E. amerinda and E. minidoka in unfavorable 
years. In the Berkeley Hills, Ranunculus californicus 
is the alternate host for E. amerinda. These host 
plants grow rapidly and are in full bloom by the 
middle of March. By the end of March and early 
April, when Eurygaster emerge from dormancy, the 
Amsinckia and Ranunculus seeds are soft and suitable 
for their preovipositional feeding. At the time when 
the nymphs are hatching and are passing through 
the first instar, the oat grain is fully developed and 
contains the required nutrients for their growth. In 
barley reseeded areas at Pacheco Pass, the nymphs 
have also been found feeding on this plant. 

The alternate host for both E. amerinda and E. 
minidoka fifth-instar nymphs and newly emerged 
adults at Pacheco Pass is rye grass, Lolium multi- 
florum. This plant grows later and green 
longer than oats, particularly in the draws or other 
damp spots. E. amerinda in the Berkeley Hills need 
not shift from oat; here this plant has a longer grow- 


stays 


ing period and the grain is available over a long 
period of time. 


DIAPAUSE OF Eurygaster IN CALIFORNIA 


Beginning with the first days of June, Eurygaster 
enter a period of dormancy which lasts until the last 
days of March of the following year. As soon as the 
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newly emerged adults complete their prediapausal 
feeding, they move toward shelter sites. These sites 
are in the leaf litter beneath shrubs and trees which 
afford shade. 

The distance of this migratory movement to the 
dormancy sites and return depends upon the locality. 
For instance, this movement for E. amerinda in the 
Berkeley Hills is very insignificant, for here the cli- 
matic conditions and the lack of grazing provide more 
available shelter sites. The perennial plants are dis- 
tributed favorably in the grassy feeding area; con- 
sequently, Eurygaster is solitarily dispersed beneath 
shelter plants without having to migrate any con- 
siderable distance. 

However at 
Eurygaster, which occurs with E. minidoka, is forced 


Pacheco Pass the same species of 


to fly greater distances in order to reach its dormancy 
sites. This usually involves flying some 300 to 1,000 
feet upward on slopes. This migration is probably 
required because of local conditions. 

In this area Eurygaster develops and feeds gen- 
erally at the lower elevations of the foothills, which 
are mostly reserved for hay production. The range 
hay is cut in late spring, and these lower grasslands 
cleared and leveled to facilitate 
the usage of mowing machines; therefore, Eurygaster 
spp. cannot find the desirable protected dormancy 
sites in the immediate vicinity and are forced to fly 


are more or less 


to the more elevated regions. 

Since in these higher elevations of the rangeland 
the favorable shelter sites are not distributed uni- 
formly and are located relatively far from each other, 
a greater number of Eurygaster concentrate at each 
shelter so as to give an aggregation. On the other 
hand, the grasslands in these higher elevations are 
grazed in late winter and early spring to the extent 
that when the Eurygaster emerge from its dormancy 
they are forced to return to lower grasslands because 
of the lack of suitable food plants near their dormancy 
site. 

If the presence of trees and shrubs is indispensable 
for the survival of Eurygaster during their long dor- 
mant period, plant specificity does not seem to be 
important. Theoretically, any kind of perennial plant 
located at the proper site is able to provide a desirable 
environment for shelter. However, field studies in- 
dicate that dormant Eurygaster were more common 
beneath certain plant species. For instance in Berke- 
ley Hills, E. amerinda is found under the common 
Baccharis and Artemisia shrubs on relatively steep 
slopes on hillsides. In the Pacheco area the 
Eurygaster amerinda and E. minidoka were found 
hibernating under more dense stands of oak trees on 
slopes of narrow canyons. It is obvious, therefore, 
that E. amerinda, at least, does not require specific 
shrubs since it was found under both trees and shrubs. 

Topography appears to be as important as the 
plants for providing suitable habitats for occupancy 
during dormancy. The bugs have never been found 
beneath these trees or shrubs if they are isolated 
and on level ground. Furthermore, on slopes an oc- 


Pass 
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casional bug can be collected from under such plants 
as Eucalyptus, sycamore (Platanus), or poison oak 
(Rhus), and under such objects as pieces of wood 
or rocks. 

The internal morphological and physiological as- 
pects of Eurygaster in California during their period 
of dormancy in nature are very similar to those of 
E. integriceps of the Old World (Fedotov 1947, 
Vojdani 1954). These conditions are principally ex- 
pressed by the following characteristics: hypertrophy 
of fat body tissue, suspension of metabolic activity 
associated with negative phototropism, and _ finally, 
and most important, the arresting of the reproductive 
organs. 

The rigidity of these characteristics in their annual 
dormancy places these bugs in the group of insects 
having an obligatory diapause with the univoltine 
annual rhythm. The factors that induce this obliga- 
tory diapause were not isolated in spite of many dif- 
ferent routine treatments. 


INFLUENCE OF SOME ENVIRON MENTAL FACTORS 


ON THE POPULATION TRENDS OF 
Eurygaster IN CALIFORNIA 


During 1959 and 1960 an attempt was made to ob- 
tain some data on the population trends of the two 
central California. 
The population curves were compared with several 
in order to determine if 


common Eurygaster species in 
factors 
correlations exist. 
The field study was conducted in two localities. 
One was in the Pacheco here the study area 
was a 30-acre portion of a breeding site located on 
a southeast-exposed slope rising directly behind Bell 
Station. The other field-study area was some 20 acres 


environmental any 


- . 
Pass; 


of savanna grassland on a gentle slope north of the 
Botanical Gardens of Tilden Regional Park in the 
Berkeley Hills. Of the three species of Eurygaster 
found at Pacheco Pass, only E. amerinda and E. 
minidoka were studied. The third species, E. 
shone, was too scarce for a population study based 
on the sampling methods used. In the Berkeley Hills, 
only E. amerinda was found. Sampling of the popu- 
lations was begun each year about March 15th, and 
was continued until the time when all the adults of 
the new generation had moved to their dormancy sites, 
which is usually by the end of June to the middle 
of July, depending upon the local and the seasonal 
conditions. Regular counts were made every 5 to 10 


sho- 


days by making 100 sweeps with a standard insect 
net. The number of each stage collected was recorded 
in order to follow the seasonal development. 

The total population for each sample date does not 
include the first-instar nymphs because, as mentioned 
earlier, these nymphs are irregularly concentrated in 
the field near their egg shells, low down on plants, 
hence their occurrence in the samples was too varia- 
ble. Obviously it is difficult to make any definite 
statements concerning population dynamics of such 
field 
this 


univoltine insects on the basis of only a 2-year 
study. However, the results obtained during 
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relatively short period of time at least shed some light 
on the most obvious aspects of their biology. 

The data on the total number of Eurygaster of 
each species (minus first-stage nymphs) sampled at 
each time through the breeding season of each year, 
together with the daily mean temperatures and total 
annual effective rainfall, are presented graphically 
in figures 3 to 6. The data shown in these figures 
indicate clearly the following points. 

(1) In 1959 the population of E. amerinda in the 
Berkeley Hills began with a higher level of over- 
wintered adults than in 1960, but the population of 
the new generation produced in 1959 was lower than 
that 1960. Also, in 1959 and 1960 the over- 
wintered populations of E. amerinda and E. minidoka 
at Pacheco Pass emerged in equal numbers, but in 
1959 E. amerinda produced a lower density as com- 
pared to E. minidoka; while in 1960 both species 


of 


100 SWEEPS 


a 
° 


2 
= 

1 
z 
9 
i: 
< 
a 
0 
wu 
x 
a 


5 


EURYGASTER PER 


BERKELEY HiLLs 


1959 


O——O E. AMERINDA 


O------O MEAN DAILY TEMP. 


TEMPERATURE.C?* 
me %% 
w ° 


10 
Fic. 


3.—Eurygaster amerinda population trends in Tilden Regional 


[ Vol. 54 


attained approximately the same population level. 
Consequently, it appears that no correlation exists 
between the average number of Eurygaster emerg- 
ing from dormancy and the density of the new genera- 
tion produced. 

(2) The development of E. amerinda in the Berke- 
ley Hills is generally prolonged as compared to that 
found in the Pacheco Pass. Furthermore, during 
1959, in both areas, the development of both species 
was slower than in 1960. The mean daily temperature 
during the breeding season for each year and for each 
locality shown in the graphs possibly explains these 
variations since the temperature has an obvious in- 
fluence, either directly on the bugs, or indirectly on 
their food plants, or both. For instance, in the Berke- 
ley area, as shown in figures 3 and 4, during the 
developmental period in both years the mean daily 
temperature was quite similar, only reaching 20° C. 


oe" MOULT * 0° 0° 0" 0" 0" 0" 


Park, Berkeley Hills, 195). 
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occasionally. This temperature is so mild and even 
that in the course of E. amerinda’s development it 
seems neither to accelerate the development nor cause 
direct mortality of the bugs. However, the data ex- 
hibited in figures 5 and 6 indicate that higher tem- 
peratures at Pacheco Pass not only shortened the 
developmental period but also may have caused mor- 
tality. In 1959 the mean daily temperature suddenly 
rose to about 25° C. around the middle of June, and 
in 1960 the temperature reached about the same point 
by the first of June. In both years there was a corre- 
sponding sharp decrease in the two Eurygaster spe- 
cies populations in response to the temperature rise, 
the drop of E. amerinda’s population level occurring 
slightly ahead of EF. minidoka. In this area the higher 
temperatures influenced the fall of the population level 
in at least two ways: (a) it accelerated the develop- 
ment so that the larger nymphs became adults and 


Eurygaster amerinda population trends in Tilden Regional Park, Berkeley Hills, 1960. 


left the breeding area, moving to their dormancy 
sites, and (b) the higher temperatures may have 
caused high mortality in the younger nymphs. 

(3) At Pacheco during 1960 (fig. 6), the highest 
population densities of E. amerinda and E. minidoka 
reached about the same level. The amount of rainfall 
for this year was about normal and its monthly dis- 
tribution, though perhaps not quite normal, was more 
favorable than 1959. During 1959 the effective rain- 
fall was far below normal, but only E. 
minidoka’s popu- 


amerinda pro- 
duced a lower population while E. 
lation was approximately the same as the following 
year with normal rainfall. The correlation between 
the amount of rainfall and E. amerinda populations 
is also evident in figures 3 and 4 for the Berkeley 
Hills site during 1959 and 1960, although here the 
much higher than at 


annual rainfall is 


Pass. 


average 
Pacheco 
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The distribution and amount of annual rainfall 
may influence the population of Eurygaster in several 
ways. it is evident from the field observa- 
tions and other information in this study that the 
rainfall influence is via the host plants. In Central 
California, 1959 was a relatively dry year with the 
amount of the precipitation from September 1958 
to May 1959 for Berkeley being about 320 mm. instead 
of normal 550 mm., and for Pacheco Pass the rain- 
fall was approximately 180 mm. instead of the normal 
320 mm. (figs. 3 and 5). During such a dry year, it 


However, 


3ell Station, Pacheco Pass, 1959. 

seems that the grasses, including the wild oat which is 
the principal host of Eurygaster, did not grow to the 
degree that the forbs did. Grasses with their super- 
ficial roots evidently could not reach the deeper soil 
moisture. Therefore, as was mentioned earlier, the 
bugs were forced to feed on their alternate hosts. On 
the contrary, in 1960, since the amount and distri- 
bution of effective rainfall in both 
closer to normal (figs. 4 and 6), the oat grasses were 
much more abundant and the grain formation started 
earlier than 1959. Consequently, when the over- 


localities were 
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wintered Eurygaster emerged about April first, they 
began to feed directly on their principal host (oats). 

These observations lead one to conclude that E. 
amerinda is more attuned to the wild oats and less 
tolerant of the alternate hosts than FE. minidoka. In 
other words, E. minidoka can tolerate more arid con- 
ditions, as is reflected by its geographical distribution 
compared to E. amerinda ( Vojdani 1961). 

The influence of different plants upon the develop- 
ment of the different Eurygaster species was also ob- 
served in the laboratory when attempts were made 


to culture the bugs. Although successive generations 
were not cultured because of a strict obligatory dia- 
pause intervening, some supporting evidence was ob- 
tained on the role of the plant quality on the bug 
growth and reproduction. Newly emerged, over- 
wintered adults of E. amerinda were exposed to five 
different diets as follows: (1) Young green barley 
plants, (2) Young green oat plants, (3) Ranunculus 
flowers with fresh soft seeds, (4) Young green barley 
plants plus wet barley grain kernels, (5) Combina- 
tion of diets No. 3 and No. 4. 
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The results of these feeding tests show that none 
of the bugs on the five different diets rejected the 
food and normal activity was exhibited. The mor- 
tality was not more than 7% to 10%, which is about 
normal under laboratory conditions, and the number 
of eggs deposited by the females on each diet was 
about an average of 50 per female. However, the 
females on diets No. 1 and 2 destroyed 70% and 80% 
of their eggs by sucking them dry. On diet No. 3, 
30% of the eggs were cannibalized, but on diets No. 
4 and 5 the eggs were very rarely destroyed by fe- 
males since grain kernels were available. Also, on 
diet No. 5 the bugs chose the grain the 
Ranunculus. 

In another series of these tests, the nymphs of 
E. amerinda immediately after hatching were trans- 
ferred to six different diets. Five of the diets were 
the same as for adults already described, and the 
sixth diet was young green plants and wet kernels 
of wheat. Here the results showed more striking 
differences than in the preceding tests with the adults. 
In diets Nos. 1 and 2, the nymphs continued to grow 
until the third instar and then died, with the gut ap- 
parently full of the greenish juice. In diet No. 3, 
total mortality occurred at the end of the second 
nymphal stage, evidently from starvation, which in- 
dicated that the nymphs refused to feed on the 
Ranunculus. Only on diets Nos. 4, 5, and 6 did any 
of the nymphs survive and complete their development 
with a relatively low percentage of mortality. 

The influence of parasites and predators on the 
population of Eurygaster seemed to be of little im- 
However, at Pacheco 
Pass several species of Lycosa were observed feeding 
actively on the adults and nymphs of Eurygaster spp., 
as well as on the other insects. In the laboratory some 
wolf spiders were fed only Eurygaster. They killed 
more than 20 bug nymphs per day. Over 2,000 Eury- 
gaster spp. eggs were exposed in the field in order to 
determine if any egg parasites were active in the 
Pacheco Pass study area. No parasites were re- 
covered, but many of these exposed eggs were evi- 
dently destroyed by a common earwig, Forficula 
This earwig seemed to attack only 
the eggs which were fully developed, but they also 
fed on the first-instar nymphs that lingered about 
their egg shells. The only parasites reported on 
Eurygaster in California are two species of Tachini- 
dae (Diptera): Paraphasia nigra Brks. and Gym- 
nosoma fuliginosa R.-D. (J. D. Lattin of Oregon 
State College, personal communication). 


over 


portance in areas of study. 


auricularia L. 


DISCUSSION 

Comparing the biologies and life cycles of the two 
common Eurygaster species of California, which were 
discussed above, with one of the several Eurygaster 
pest species of the Old World such as E. integriceps 
Puton (Vojdani 1954, Alexandrov 1947, Fedotov 
1940, Shumakov et al. 1958, etc.) may answer to some 
extent the interesting question: How did E. integri- 
ceps become one of the most serious pests of wheat 
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and barley in the Middle East? During the course of 
several thousands of years in the Middle East, where 
man first began to till the soil and raise animals to 
provide his basic food (bread and meat), his in- 
fluence on natural communities became more ap- 
parent and disrupting. One of the unfortunate prod- 
ucts that arose from man’s agricultural activity was 
certainly the appearance of crop pests, particularly the 
insects. 

Since the Eurygaster in California occupy the grass 
community in foothill areas, this strongly suggests 
that the original and permanent habitat of FE. in- 
tegriceps was the slopes and foothills of the Middle 
East mountainous areas. These areas were probably 
covered with several kinds of wild which 
served as the principal host plant, and other plants 
such as Astragalus, Artemisia, and Acantolimon pro- 
vided the summer and winter shelter sites. Even 
today this insect spends more than 9 months of its 
annual life cycle in these mountains. During the 
years when the population level of this insect is low 
or the climatic conditions are not favorable for its 
migration to the contiguous valleys, it may remain in 
the mountains for its entire development ( Vojdani 
1954). Thus in the latter situation the life cycle of 
E. integriceps is similar to the above Nearctic species. 

However, the most suitable place for man was this 
same general area in the foothills because of the 
many naturally occurring requirements for his life. 
Water, for one, was more available here from the 
springs, and these lower foothill slopes were more 
suitable for building the Ghanat systems. (Ghanat 
is a common underground canal connecting a series 
of progressive wells facilitating the flow of the water 
to the surface.) Consequently, the effect of man in 
these areas became more and more marked and 
changed the natural environment. Eurygaster, being 
a part of this environment, automatically became dis- 
rupted by the intensive pasturing and removal of the 
more woody plants for fuel. At the same time man 
was growing cereals extensively in the nearby valleys, 
which created an apparently ideal environment for 
the feeding and development of Eurygaster. These 
modifications imposed by man were a fortuitous situa- 
tion in favor of Eurygaster, because their dispersal 
ability and affinity for cereal hosts permitted them to 
trespass into the cultivated zones. They were now 
freer of their limiting factors that once existed in 
their previous mountainous habitat and consequently 
higher populations in valleys were produced. 

In addition, man’s very primitive custom of nomad- 
ism, which still exists in some parts of the Middle 
East, certainly played a great part in the destruction 
of the natural vegetation, finally leading to an eroded, 
rocky, bare surface in some areas. Indeed, the peri- 
odical migration of the nomads with their animals 
through the country eliminates young annual plants 
by intensive pasturing in very and 
gradually destroys the perennial plants by burning 
and other uses. 

The critical situation of E. 


grasses 


early season 


integriceps in recent 
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years at Diarbakire in southeast Turkey may illus- 
trate this point further (Ytiksel 1958). Diarbakire 
is a steep, mountainous region where up to about 12 
years ago farming had been restricted to breeding 
of cattle and growing cereals on a small acreage. 
With the introduction of tractors and other mechani- 
cal tools, practically the entire valley is now planted 
in cereals. As the acreage of the cereals increased, 
the Eurygaster problem became more serious so that 
at the present time it is the major concern of the 
farmer in this area. 

If the logic in the previous discussion is accepted 
and the new pest evolved in this manner, then the 
next question is: Is it possible that one or some of 
the Nearctic Eurygaster species will become a pest 
in this country? Fortunately, at the present time 
in the western United States the Eurygaster species 
are still in their native habitat, which is relatively 
undisturbed as compared to the Old World, and are 
not considered pests. 

Modern man starting his agricultural activity in the 
New World was equipped with valuable knowledge 
and experience as compared to early man in the 
Middle East. With rapid progress in the different 
branches of the sciences, he now understands the 
significance of the natural resources and attempts to 
conserve them. For example, the native ranges and 
savanna that make up the habitat of Eurygaster in 
western North America are usually well managed by 
cattlemen, resulting in soil conservation and mini- 
mum disruption as compared to the Middle East. 

On the other hand, even though the valleys of 
California have been greatly modified by agriculture, 
the field crops are situated relatively far from the 
Eurygaster breeding sites located in the mountainous 
areas. Also, here are a variety of crops that make 
up a mosaic landscape instead of endless acreages 
of grain contiguous to foothills. The relatively 
limited number of cereal fields and, perhaps, their 
seasonal occurrence evidently have not attracted Eury- 
gaster from its natural environment. Furthermore, 
the natural habitats are not being disrupted to the 
degree that Eurygaster are forced out of them nor 
are the natural controlling factors being altered to 
any great extent. Consequently, these insects have re- 
mained in the mountainous areas thus far without 
causing any apparent damage to agricultural crops. 

Further study, and purposely altering very local 
environments where Eurygaster now exist, perhaps 
would show the potentiality of this insect 
coming a pest, but now only assumptions 
made from the present knowledge. 

The fortunate situation of Eurygaster in this 
country may not always exist, for one of several 


for be- 
can be 


possible modifications of present agricultural prac- 


tices or land use could cause an 
relatively low general equilibrium 
now prevails below an economic 


escape from the 
position which 
threshold to a 
higher injurious average population density; a phe- 
nomenon that has occurred with other native insects 
that have become pests. Theoretically, only few, in- 
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deliberate modifications in the course of agricultural 
development could cause an outbreak of Eurygaster. 
Modifications are inevitable since the human popu- 
lation will continue to increase, causing more in- 
tense land usage. Much of the rangeland of today will 
be cultivated as water becomes available and over- 
grazing will occur on the remaining grassland. The 
savanna will disappear and the landscape will begin 
to resemble that of the Middle East. 

Which Nearctic species of Eurygaster would be- 
come a pest in the event of being disrupted, can pos- 
sibly be determined by comparing the behavior of the 
above species with that of E. integriceps of the Old 
World. For instance, comparison of the behavior of 
E. amerinda in selecting sites for dormancy in the 
Berkeley Hills and at Pacheco Pass where it occurs 
with E. minidoka, indicates that at least E. amerinda 
has the ability to disperse and even migrate to a more 
favorable environment when the feeding areas are 
disrupted near shelter sites. Also, these insects have 
the capability of adapting to the other cereal plants. 
The wild oat, the principal host of Eurygaster spp. 
in central California, is among the many species of 
grasses introduced and established in the New World 
less than 200 years ago, and now these introduced 
plants cover 50% to 90% of Californian grasslands 
(Biswell 1956). Since the wild oat was introduced, 
it is obvious that Eurygaster shifted from an unknown 
native host. The adaptation to this plant and not to 
the other grasses is significant. Perhaps, since the 
wild oat compared to the other grasses is softer and 
richer in nutrients, and, in as much as the grain is 
larger, it could provide a greater amount of starch 
and protein. As was mentioned earlier, in the parts of 
the rangeland which were with barley 
Eurygaster fed on these plants as well as on the 
Avena, and in laboratory feeding tests these bugs not 
only fed on barley but they even preferred wheat over 
the barley. Therefore, it should not be a surprise 
to find Eurygaster as a pest of wheat or barley in the 
United States when agriculture expands in its habitat. 
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ABSTRACT 


Using two species each of Limnogonus, Eurygerris, and 
Potamobates (all members of subfamily Gerrinae, with 
Potamobates belonging to a different tribe than the other 
two genera), the growth of the various antennal and leg 
segments from first-instar nymph to adult was compared 
with the body lengths of the corresponding stages. Growth 
ratios and initial growth indices were computed for the 
various stages, and these data were used primarily to 
test three hypotheses put forward: (1) When the growth 
ratio or the initial growth index for a segment varies 
among a group of related species, the ratios or indices for 
other segments vary in a parallel fashion; (2) The 
growth patterns (ratios or indices, or both) of segments 


These are the first three of a series of works dealing 
with the relative growth of the segments of antennae 
and legs in the Gerridae, each one treating of these 
topics in a separate genus. The main problems in- 
volved are some developmental phenomena observed 
earlier in a study of this family (Matsuda 1960), 
which may have some bearing upon the taxonomy of 
Hemiptera and possibly also of other insects. These 
tendencies are noted below, after an explanation of 
the methods used in this study; and they, in turn, are 
used as hypotheses in the various parts of the study 
that follow. 


METHODS 


The formula used for calculating the relative 


growth ratio and the initial growth index is: Y = 
bX* (Huxley 1924). In this formula X is a measure- 
ment of the standard organ; Y is the measurement 
of an organ growing allometrically in relation to the 


1 Contribution Nos. 1080, 1082, 1085 from the Department 
of Entomology, University of Kansas. This study was made 
possible by the aid of a grant from the National Science Founda- 
tion. A part of the cost of collecting trips to obtain material in 
Panama and Costa Rica was defrayed by a grant from the 
Society of the Sigma Xi 


Accepted for publication October 31, 1960. 


with higher growth ratios are more similar among a group 
of related species than those of segments with lower 
growth ratios; and (3) When the growth ratio increases 
the initial growth index decreases, and vice versa. The 
data generally support the first two of these hypotheses, 
though a few exceptions were found, and the third was 
found generally true at the interspecific level. The 
taxonomic significance of the growth patterns in these 
three genera is discussed, and the different location of 
the growth centers in the middle and hind legs of 
Potamobates, as compared with the other genera, is re- 
garded as having taxonomic importance. 


standard organ; k is a constant growth ratio of Y 
in relation to X; and b is the theoretical value of Y 
when X = 1, and is called the initial growth index. 
In adopting total body length as the standard organ 
X, some difficulties were encountered which should be 
explained. 

Brinkhurst (1959) found, in Gerris, that the overall 
body length of the nymphs varies considerably with 
the physiological state of the individuals. He noted 
that intertergal and intersternal muscles (not present 
in the adults) can bring about considerable telescoping 
of the nymphal abdomen. I have also found, in various 
gerrids, considerable differences in body lengths 
among nymphal individuals of the same stage—pro- 
portionally greater than the differences in the leg and 
antennal segments. Indeed, comparison of the largest 
and the smallest individuals at each stage revealed 
no conspicuous differences in segmental lengths, and 
their growth slopes were found to be nearly parallel 
until the fifth nymphal stage was reached. These 
facts, in turn, indicated that the individual differences 
in body length were due mainly to different physio- 
logical conditions. Sprague (1956) showed that in 
Hydrometra martini Kirkaldy the abdomen was peri- 
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odically inflated, with air drawn into the gut prior 
to ecdysis or with food. Apparently the flexibility in 
body length of the nymph, due to physiological factors, 
is a phenomenon common to groups of aquatic 
Hemiptera, and probably also to many groups of in- 
sects. The individual variation in growth pattern 
most probably is not so great as might be suspected 
from the considerable differences in body length. In 
adult Gerridae there is much less variation in body 
length than in the nymphs. The strongly sclerotized 
body surface, as well as the absence of the intertergal 
and intersternal muscles, no longer allow much ex- 
pansion or contraction of the abdomen. 

In the studies that follow on the growth of various 
groups of Gerridae, 10 individuals of each stadium 
were measured for body length and for the lengths 
of the antennal and leg segments. The ranges and 
the mean values of each set of such measurements of 
each species in the three genera reported here are 
given in tables 1, 3, and 5, respectively. Only the 
mean values are plotted on the log-log grids in figures 
1 to 22, where the smaller points representing mean 
values for successive nymphal stages are joined by 
lines ending in larger circles which represent mean 
values for adult males of the species in question. In 
each of these three genera adult males (usually three 
in number) of several additional species were also 
measured for body length and segmental lengths, and 
their mean values are shown as larger circles plotted 
individually on the various graphs. 

The growth slopes connecting the plotted points 
probably approximate the slopes that would be ob- 
tained from individuals in average physiological con- 
dition. The measurements of late-stage nymphs 
(usually those of the fifth instar) and of adults are 
based on males. Unless otherwise stated, the calcu- 
lation for their relative growth ratios and _ initial 
growth indices is based on these measurements of 
males and those of nymphs in earlier stages. All 
measurements were made with an ocular micrometer 
in a binocular microscope, at a magnification such 
that 173.7 micrometer units were equal to 10 mm. 
Thus the initial growth indices are immediately com- 
parable among groups of Gerridae. 

The differences between the calculated 
ratios and the initial growth indices for segments, 
species, and genera can be regarded as more signifi- 
cant than the significance test (t-test) would indi- 
cate. Owing to the physiological factors involved in 
the measurement of total body length, the standard 
deviation is always bound to be greater than it would 
be otherwise. 

In spite of the disadvantages that have been men- 
tioned, the total body length is biologically much more 
important as a “standard organ” than any other 
practical standard such as length of the mesonotum 
or metanotum. As pointed out elsewhere (Matsuda 
1960), shortening of the hind leg, or lengthening of 
the basal antennal and leg segments in certain groups 
of Gerridae can be accounted for only in terms of 
the adaptational changes in lengths of the segments 


growth 
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relative to the total body length—not relative to a 
part of the body length. Moreover, the definitive 
mesonotum, for instance, varies morphologically in 
various groups of Gerridae, and its posterior margin 
is lost in some groups. Another possible standard, 
the mesosternum, is rather difficult to measure, es- 
pecially in mounted specimens of adults. The prono- 
tum is prolonged in different degrees in different 
groups, quite independently of the total body length. 

In each species, the specimens measured were col- 
lected from the same population in the field, or at 
least from the same locality, on the same day. For 
confirmation of the identification of nymphs, especially 
in the earlier stages, the insects were reared, as far 


as circumstances allowed. However, collections often 


were made in places remote from available facilities. 
In any case, both wash drawings (plates 1 to 3) 


and descriptions are given of all stages of nymphs 
used for these studies. 


HYPOTHESES 


1. When the growth ratio or the initial growth in- 
dex for a segment varies among a group of related 
species, the ratio or index for other segments varies 
in a parallel fashion. 

2. The growth patterns (growth ratio or initial 
growth index, or both) of segments with higher 
growth ratios are more similar among a group of re- 
lated species than are those of the leg and antennal 
segments with lower growth ratios. 

3. When the growth ratio increases, the initial 
growth index decreases, and vice versa. This is 
known to be true. 

4. The species-form allomorphosis (allometry be- 
tween members of different species of the same 
genus), while sometimes formed by similar growth 
patterns common to all comparable species, often is 
formed by growth patterns that are quite different at 
the species level. 

5. When conspicuous modifications occur on a 
segment or segments, the growth patterns of such 
segments vary considerably at the species level. 

6. When the growth patterns of the leg and an- 
tennal segments differ conspicuously among species, 
other characters often differ also. As a result, 
patterns often are characteristic of subgenera, 
or other higher categories. 


growth 


genera, 


1. RELATIVE GROWTH IN THE GENUS Limmnogonus 
(Plates 1, 4, 5, 6; tables 1 and 2) 


This portion of the study treats of the postem- 
bryonic growth of the antennal and leg segments, 
relative to total body length, in Limnogonus (Limno- 
gonus) aduncus Drake and Harris and Limnogonus 
(Limnogonellus) lubricus Buchanan-White. The 
measurements for the successive developmental stages 
are summarized in table 1, and the respective mean 
values for the 10 individuals measured in each stage 
are plotted in plates 4, 5 and 6, figures 1 to 9, as small 
points joined by slope lines that end, respectively, in a 
larger, solid circle representing the adult stage of 
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(Limnogonus) aduncus Drake and Harris; figs. 
Buchanan-White. The enlargement in figs. 


PLATE 1.—Figs. A to H, Limnogonus 
A and I, adult male; B and iP 


I to P, Limnogonus (Limnogonellus) lubricus 
G, H, I, and K to P is 2.12 times that in the other figures. — 
adult female; C and K, fifth-stage female nymph; D and L, fifth-stage male nymph; E and M 


fourth-stage nymph; F and N, third stage nymph; G and O, second-stage nymph; H and P 


first-stage nymph. 
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Table 1—Body lengths and lengths of antennal and leg segments in successive developmental stages of two species 


of Limnogonus.* 


First 


Second 


Limnogonus (Limnogonus) aduncus 


Length of body 
Ant. segment 1 
Ant. segment 2 
Ant. segment 3 
Ant. segment 4 
Front femur 
Front tibia 
Front tarsus 
Middle femur 
Middle tibia 
Middle tarsus 
Hind femur 
Hind tibia 


Hind tarsus 


25.4-31.1 


(28.36) 
4.5- 4.7 

(4.63) 
3.8- 4.1 
(3.89) 
4.7- 5.2 
(5.00) 
13.7-15.2 
(14.44) 
7.4- 8.2 

(7.68) 
7.4- 8.4 

(7.80) 
3.3- 3.7 

(3.52) 
14.2-15.3 
(14.65) 
17.2-18.8 
(17.97) 
13.9-14.5 
(14.10) 
14.5-15.8 
(14.94) 
8.2- 9.1 
(8.63) 
6.1- 7.1 

(6.48) 


31.2-51.3 
(41.04) 
6.6- 7.6 
(7.10) 
6.6- 7.4 


(17.68) 
10.7-11.5 
(11.09) 
9.8-10.9 
(10.53) 
4.1- 4.4 

(4.20) 
22.4-24.6 
(23.57) 
23.7-25.9 
(24.92) 
16.9-18.8 
(18.15) 
22.7-24.6 
(23.77) 
11.7-12.8 
(12.31) 
7.4- 8.2 

(7.86) 


Limnogonus (Limnogonellus) lubricus 


Length of body 
Ant. segment 1 
Ant. segment 2 
Ant. segment 3 
Ant. segment 4 
Front femur 
Front tibia 
Front tarsus 
Middle femur 
Middle tibia 
Middle tarsus 
Hind femur 
Hind tibia 


Hind tarsus 


a Measurements are 


individuals. 


18.3-24.0 
(21.59) 


9.6-10.1 
(9.98) 


12.3-13.1 


(12.73) 


10.2-10.9 


(10.54) 
9.6-10.1 
(9.73) 
5.7- 6.1 
(5.92) 
5.4- 5.6 
(5.49) 


25.4-32.8 
(29.40) 
4.7- 5.5 
(5.11) 
3.0- 3.5 
(3.29) 
4.1- 4.5 
(4.27) 
76- 8.5 
(7.93) 
7.1- 7.9 
(7.37) 
6.8- 7.6 
(7.18) 
3.0- 3.3 
(3.20) 
14.5-16.4 
(15.36) 
16.9-18.3 
(17.49) 
12.8-14.2 
(13.36) 
14.7-15.8 
(15.17) 
7.4- 8.2 
(7.97) 
6.4- 7.0 
(6.75) 


expressed in ocular micrometer units; 


Nymphal stages 


Third 


48.3-64.4 
(56.28 ) 
10.4-11.7 
(10.91) 
8.2- 9.3 
(8.61) 
9.8-10.9 
(10.33) 
20.7-22.1 
(21.41) 
15.3-16.9 
( 16.34) 
14.2-15.8 
(15.11) 
5.2- 5.5 
(5.31) 
34.7-36.8 
(36.21) 
34.7-38.2 
(35.57) 
23.5-26.2 
(24.45) 
33.9-38.2 
(35.80) 
17.7-19.7 
(18.45) 
9.4-10.6 
(9.93) 


31.4-42.6 
(37.61) 
6.8- 7.5 
(7.22) 
4.1- 4.4 
(4.27) 
5.7- 6.0 
(5.80) 
9.4- 99 
(9.50) 
9.8-10.6 
(10.08 ) 
9.3-10.2 
(9.77) 
3.6- 4.1 
(3.93) 
21.6-23.5 
(22.95) 
23.1-24.6 
(23.76) 
16.7-18.3 
(17.76) 
21.8-23.5 
(22.40) 
10.9-11.5 
(11.22) 
8.2- 9.0 
(8.50) 


173.7 units = 10 mm. 


Fourth 


62.8-80.5 
(72.70) 
15.3-16.5 
(15.90) 
12.1-13.7 
(12.80) 
12.7-14.5 
(13.80) 
23.8-27.8 
(25.92) 
22.5-25.4 
(23.86) 
19.3-21.7 
(20.87 ) 


(50.04) 
30.6-34.6 
(32.20) 
50.3-55.9 
(52.37) 
27 .4-30.6 
(28.54) 
12.1-14.1 
(12.92) 


44.2-52.9 
(50.20) 
9.8-10.9 
(10.23) 
6.1- 7.6 
(6.61) 
7.4- 8.2 
(7.74) 
10.5-11.5 
(10.86) 
13.0-15.0 
(13.83) 
12.6-13.7 
(13.08 ) 
4.8- 5.2 
(5.13) 
30.3-35.2 
(32.50) 
30.0-34.4 
(31.82) 
21.8-25.4 
(23.22) 
30.8-34.1 
(31.96) 
15.3-17.5 
(16.04) 
9.6-11.2 
(10.72) 


Fifth, 2 


94.2-111.9 
(104.71) 
22.2- 24.2 
(23.61) 
17.7- 20.1 
(18.61) 
17.3- 20.1 
(18.27) 
28.2- 33.4 
(30.11) 
32.2- 34.6 
(33.37 ) 
29.0- 32.2 
(29.87 
10.1- 11.3 
(10.95) 
74.9- 87.6 
(78.26) 
69.2- 80.5 
(72.54) 
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(48.87 ) 
16.9- 20.1 
(18.00) 


4. 
st 


59.5- 69.3 
(64.21) 
13.4- 14.5 
(13.92) 
8.3- 9.1 
(8.55) 
9.4- 10.1 
(9.73) 
12.3- 13.4 
(12.42) 
18.0- 19.4 
(18.73) 
16.7- 18.0 
(17.34) 
6.0- 7.1 
(6.69) 
41.5- 45.3 
(43.23) 
38.8- 43.4 
(41.02) 
26.8- 31.1 
(28.76) 
40.1- 45.6 
(42.25) 
20.2- 22.9 
(21.33) 
12.0- 13.7 
(12.88) 


Values in parentheses are mean 


7) 
> 
' 
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(44.80) 
37.0- 39.5 
(38.20) 
12.1- 12.9 
(12.52) 
99 0-108. 
(104.83 
88.6- 98. 
(92.56 
46.7- 53. 
(49.32 
96.6-112. 
(105.27 ) 
61.2- 72.5 
(64.81) 
18.5- 22.9 
(20.29 ) 
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64.1- 67.4 
(66.23 ) 
16.4- 18.0 
(16.77) 
9.6- 10.5 
(9.91) 
10.0- 10.9 
(10.45) 
12.6- 14.2 
(13.02) 
21.8- 24.3 
(22.98) 
18.0- 21.8 
(20.32) 
6.4- 7.1 
(7.00) 
46.9- 53.8 
(51.79) 
42.6- 49.4 
(47.24) 


27.0- 32.5 


(13.48) 
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L. aduncus and a larger, open circle representing the 
adult of L. lubricus. The other larger circles, not con- 
nected by lines, in these figures represent the measure- 


ments of homologous segments, plotted against body 

length, of (usually) three adult males of the various 

other Limnogonus species that are listed below. 

Again, the solid black circles represent species of 

the subgenus Limnogonus Stal; the open circles, spe- 

cies of the subgenus Limnogorellus Hungerford and 

Matsuda, 1959, as follows: 

Subgenus Limnogonellus 
celeris Drake and Harris 
cercris magnus Kuitert 
hesione (Kirkaldy) 
lotus Buchanan-White 


parvulus Stal 
visendus Drake and Harris 


Subgenus Limnogonus 
australis Skuse 
buxtont (Skuse) 
chopardi Poisson 
darthulus Kirkaldy 
fossarum (Fabricius ) 
franciscanus Stal 
hyalinus (Fabricius ) 
hypoleucus Gerstaecker 
ignotus Drake and Harris 
intermedius Poisson 
leptocerus (Reuter ) 
luctuosus (Montrouzier ) 
lundbladi Usinger 
nitidus (Mayr) 
profugus Drake and Harris 
recens Drake and Harris 
recurvus Drake and Harris 


Recognition of Nymphs 


The nymphs of both L. aduncus and L. lubricus 
were collected in the Panama Canal Zone in Sep- 
tember 1959. A large colony of L. aduncus was 
found among waterlilies below Madden Lake. A 
long series of adults taken there consisted solely of 
this species, and the nymphs taken simultaneously 
were therefore regarded as conspecific. The nymphs 
of L. lubricus, together with their adults, were simi- 
larly collected from a single place in the vicinity of 
the field station of the Gorgas Memorial Institute, at 
Juan Mina, C. Z., and were found among floating 
Jussiaea natans B.H.K. The adults and nymphs of 
both species in their various instars are illustrated 
in plate 1. 

The first-stage nymphs of these two species (figs. 
H, P) are nearly white. The cleavage line on the 
head is distinct and pale; otherwise the head is pale 
fuscous above. The pronotum has a pair of distinctly 
separated, pale fuscous spots, the middle and hind ace- 
tabular areas are fuscous, and there are no spots on 
the abdominal terga. As in many other gerrids, the 
first-stage nymphs are difficult to distinguish, and 
the best characters for doing so are the segmental 
lengths (see table 1). 

In the second stage of both species (figs. G, O) 
the cleavage line on the head has disappeared, and 
wider and paler areas are seen in the region where 
it occurred in the first-stage nymph. In L. aduncus 
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the general body color is a little darker than in the 
first stage, and there are still no spots on the ab- 
dominal terga. In L. lubricus the general color is 
considerably darker than in the first stage, and paired 
spots have appeared on the abdominal terga. 

In the third-stage nymph of L. aduncus (fig. F) 
the general color of the body still is much like that 
of the second stage, and no tergal spots are recogniza- 
ble. In L. lubricus (fig. N) the general body color 
is darker than in the second stage (and darker than 
in the third-stage nymph of aduncus), and tergal 
spots are well marked. 

The fourth-stage nymph of L. aduncus (fig. E) has 
recognizable white spots along the anterior margins of 
the distal abdominal terga, but the general body color 
is only slightly darker than in the third stage. The 
color patterns of fourth-stage L. lubricus (fig. M) 
are darker and more clearly marked than in the third 
stage. 

In fifth-stage nymphs of L. aduncus (figs. C, D) 
the color pattern has become highly conspicuous, 
darker, and more extensive in area. In L. lubricus 
(figs. K, L) the color patterns merely are more de- 
veloped and darker than in the fourth stage. 


Comparisons of Growth Patterns of the Antennal 
and Leg Segments 


Figures 1 to 9 show that the growth ratios for 
the segments at the final stage of development in 
L. lubricus are remarkably high, but there is no ap- 
preciable increase at the same stage in L. aduncus. 
The growth ratios, as well as the initial growth in- 
dices, for the respective segments were computed 
from the data from the first- to the fifth-stage nymphs 
in both species. 

The growth ratios for all corresponding segments 
are remarkably similar in the two species (table 2), 
and only for the hind tibia is there a statistically 
significant difference. However, there are great dif- 
ferences between the two species in the initial growth 
indices for distal antennal Also, the b 
values for the antennal segments are smaller in L. 
lubricus, though the differences for the first two seg- 
ments are not statistically significant. Thus hy- 
pothesis 1 holds true for the initial growth index of 
antennal segments. However, contrary to the general 
applicability of hypothesis 1, the b value for the hind 
tibia is greater in lubricus than in aduncus. This 
discrepancy can be accounted for through hypothesis 
3: the greater initial growth index for the hind tibia 
in L. lubricus is expected inasmuch as the growth 
ratio for that segment is smaller than in L. aduncus. 

Associated with higher growth ratios, there is no 
statistically significant difference between the two 
species in the initial growth indices for the first two 


segments. 


Pate 2.—Figs. A to I, Eurygerris flavolineatus (Champion) ; figs. J to R, Eurygerris summatus (Drake and 


Harris). The enlargement in figs. F, H, I, P, Q, and R is 2.12 times that in the other figures. 


A and K, adult 


female; B and J, adult male; C and L, fifth-stage female nymph; D and M, fifth-stage male nymph; E and O, 
fourth-stage female nymph; F and N, fourth-stage male nymph; G and P, third-stage nymph; H and Q, second- 


stage nymph; I and R, first-stage nymph. 
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PLATE 3.—Figs. A to H, Potamobates horvathi Esaki; figs. I to P, Potamobates unidentatus 
Champion. The enlargement in figs. E, F, I, and J is 2.12 times that in the other figures. 
A and O, adult female; B and P, adult male; C and M, fifth-stage female nymph; D and L, 
fifth-stage male nymph; G and N, fourth-stage nymph; H and K, third-stage nymph; E and J, 
second-stage nymph; F and I, first-stage nymph. 
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60 70 80 90 100 


Length of body 


PLATE 4.—Lengths of antennal segments in species of Limnogonus, plotted on Y-axis against body Jength on 
X-axis. Points joined by lines ending in solid circles are mean values for 10 individuals of successive develop- 


mental stages of L. (Limnogonus) aduncus; points joined by lines ending in open circles are the same for 
successive stages of L. (Limnogonellus) lubricus. Unconnected solid circles are mean values for thre 


e adult males 
of other species of Limnogonus s. 


str.; unconnected open circles are the same for other species of subgenus 
Limnogonellus (see text). Specific identification for these other males is indicated only for L. lundbladi 


and 
(by X) for L. intermedius. Figs. 1 to 4, Antennal segments 1 to 4, respectively. 
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PLaTe 5.—Lengths of front- and middle-leg segments in species of Limnogonus, plotted against body length 
as described under plate 4. Fig. 5, Front femur; Fig. 6, Front tibia and tarsus; Fig. 7, Middle femur; Fig. 8, 
Middle tibia and tarsus. 
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antennal segments, but the difference becomes increas- 
ingly greater for more distal segments. There is also 
a striking tendency for the points representing the seg- 
ments of the various species in the two subgenera to 
deviate farther from the growth lines based on L. 
aduncus and L. lubricus in the more distal segments 
(with lower growth ratios) than in the basal segments 
(with higher growth ratios), as may be seen by com- 
parison of figures 1 to 4 with figures 5 to 9. This in- 
dicates that the growth patterns for the more distal 
segments are more variable among different species 
than those for the basal segments such as the first an- 
tennal segment and the femur. However, there are no 
statistically significant differences between L. aduncus 
and L. lubricus for most of the distal leg segments. We 
can surmise further that possibly the differences in 
growth patterns among species may, in most cases, 
lie in the initial growth index, judging from the com- 
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Species-Form Allomorphosis in Limnogonus 
The plotted points (figs. 1, 5, 7, 9) for the first 
antennal segments and those for the femora of all 
legs in adults of the different Limnogonus species 
fall roughly in conformity with growth lines for the 
corresponding segments in the two species studied in 
detail. Thus the allomorphic slopes’? roughly reflect 
similar growth patterns for the segments, common to 
all species of the genus. The allomorphic slopes for 
the more distal segments, however, tend to deviate 
from the growth lines for the corresponding segments, 
and thus do not reflect the actual growth patterns 
found to be present in Limnogonus. Note that the 
allomorphic slope for the fourth antennal segment de- 
viated greatly from the growth slopes for this segment 
in L. aduncus and L. lubricus (fig. 4). The allomor- 
phic slopes for distal antennal segments that are 


Table 2—Comparison of growth patterns in Limnogonus (Limnogonus)aduncus and Limnogonus (Limnogonel- 


lus) lubricus. 


Growth ratio (k) 


Significance 
level 


aduncus lubricus 
1.2493 
1.1668 
1.0443 
0.5540 
1.0890 
1.0359 
0.8070 
1.2989 0.5 
1.0384 


1.2169 
1.1645 
0.9671 
0.6010 
1.1044 
1.0052 
0.8350 
1.2458 
1.0508 
0.8570 
1.2270 
1.2840 
0.7267 


\nt. segment 
Ant. segment 
Ant. segment ¢ 
\nt. segment 4 
Front femur 
Front tibia 
Front tarsus 
Middle femur 
Middle tibia 
Middle tarsus 
Hind femur 
Hind tibia 
Hind tarsus 


1.2940 
1.1473 
0.7647 


parison of the growth patterns of antennal segments 
in the two species. This evidence supports hypothesis 
2, that the growth patterns for basal segments with 
higher growth ratios are more similar among species 
than the growth patterns of the segments with lower 
growth ratios. 

Hypothesis 3 has been found to hold true in most 
cases—that is, when the growth ratio of a segment 
is greater than the growth ratios of the other seg- 
ments of the same antenna or leg, the initial growth 
index of the former segment is smaller than those of 
the latter segments. One exception to hypothesis 3 
was noted. In L. lubricus the growth ratio of the 
hind femur is greater than that of the hind tibia 
(P<0.01), but the initial growth index of the hind 
femur is also greater than that of the tibia (P<0.05). 
Between homologous segments, at the interspecific 
level, the case of the hind tibia referred to substan- 
tiates hypothesis 3. However, there are cases (distal 
antennal segments) in which initial growth indices 
differ greatly while significant differences in growth 
ratio between homologous segments are absent. 


P>0O.: 
P>0.5 

0.5 >P>0.1 
0.5 >P>0.1 
P>0.5 

05 >P>01 
P>0.5 
>P>0.1 
P>0.5 
0.9069 0.5 >P>0.1 
0.5 >P>0.1 
0.02>P>0.01 
P>0.5 


Initial growth index (b) 


Significance 


aduncus lubricus level 


—1.1178 P>0.5 
—<1.1753 0.5 >P>0.1 
—(0).8950 0.02>P>0.01 
0.0223 P>0.01 
—0).7113 P>0.5 
—().6444 5 >P>0.1 
—0.6591 P >0.5 
—().7069 _P>0.1 
—().2675 P>0.5 
—().1848 >P>0.1 
—().7075 >P>90.1 
—0.7547 >P>0.02 
—0.2746 P>0.5 


— 1.0891 
— 1.0900 
—().6860 

0.2813 
—().7105 
—().5687 
—().6903 
—().6213 
—().2713 
—().0988 
—().5829 
—().9431 
—0.3131 


steeper than the growth slopes probably result pri- 
marily from the differences in the initial growth in- 
dices among species (i.e., the smaller initial growth 
indices in shorter species), while the growth rates 
themselves remain much the same among the species. 
This apparently is the case suggested as a mechanism 
(mechanism F) by which a nearly vertical allomor- 
phic slope is formed (Matsuda 1960, pp. 117, 446). 


Taxonomic Significance 


Some support for hypothesis 6 is provided by the 
adults of Limnogonus lundbladi and L. intermedius. 
Both sexes of L. lundbladi have highly specialized 
pregenital and genital segments, and their front 
femora are rather strongly thickened. The plotted 
point for every segment measured in L. lundbladi lies 
above the allomorphic slope for the segment in the 
other Limnogonus species (see figures 1 to 9), and 


2 The slope represented by a regression line for the points 
representing adults of different species. The allomorphic slope is 
of no practical use when there is little difference in the body 
lengths (X) of the species. 
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PLate 6.—Fig. 9, Lengths of segments of hind legs in species of Limnogonus, plotted against body length 

as described under plate 4. Figs. 10 ‘to 12, Lengths of first, second, and third antennal segments, respectively, 

in species of Eurygerris, plotted on Y-axis against body length of X-axis. Points joined by lines ending in 

solid circles are mean values for 10 individuals in successive developmental stages of E. flavolineatus and 

E. summatus as respectively labeled. Unconnected circles are mean values for three adult males each of other 

species of Eurygerris (see text), of which only E. mexicanus, the largest species of the genus, is specifically 
identified. 
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L. lundbladi probably has a growth pattern different 
from others. In L. intermedius (X in figures 1 to 9) 
the points for the basal leg segments and the anten- 
nal segments lie above the allomorphic slopes, but 
those for the hind tibia and tarsus fall considerably 
below them. And though the upper surface of the 
body is lustrous in the great majority of its congeners, 
that of L. intermedius is dull and without luster. 

The general growth patterns in Limnogonus adun- 
cus and L. lubricus are similar to that of Gerris 
(Aquarius) remigis Say (Matsuda 1960). Signifi- 
cant differences may exist between Limnogonus and 
Aquarius from the Western Hemisphere in the initial 
growth indices for the first and second antennal seg- 
ments, and possibly in the growth ratios for the front 
femur and tibia. The difference between Limnogonus 
s. str. and Limnogonellus probably lies in the initial 
growth index for the fourth antennal segment. The 
abrupt increases in the growth ratios for practically 
all segments at the final stage of development in L. 
(Limnogonellus) lubricus, but not in L. (Limno- 
gonus) aduncus, may possibly represent a subgeneric 
difference in the growth pattern. 


2. RELATIVE GROWTH IN THE GENUS Eurygerris 


(Plates 2, 6 and 7; figures 17 and 18; tables 3 and 4) 


The genus Eurygerris was established by Hunger- 
ford and Matsuda (1958) for a group of Neotropical 


species formerly included in Gerris. In the present 


study, measurements similar to those reported above 
for two species of Limnogonus were made on the 
successive developmental stages of Eurygerris sum- 


matus (Drake and Harris) and E£. flavolineatus 
(Champion). The data thus obtained are summarized 
in table 3, and are presented graphically in 
figures 10 to 18, where small dots representing the 
average values for 10 specimens of each nymphal 
stage are connected by lines which terminate in larger 
circles representing the mean values for 10 adults. As 
with Limnogonus, three adult males of each of sev- 
eral other Eurygerris species were measured, and 
their respective averages are plotted in these same 
figures as solid black circles unconnected by lines. 
These other species were: Eurygerris mexicanus 
(Champion), E. carmelus (Drake and Harris), E. 
kahli (Drake and Harris), E. beieri (Drake and 
Harris), E. cariniventris (Champion), and two un- 
identified species. 


Recognition of Nymphs 


All nymphal stages of Eurygerris summatus were 
collected from a small pond of about 100 square feet 
in the arboretum of the University of Costa Rica, San 
José, Costa Rica. Identification of the earlier stages 
was confirmed by rearing in the biological laboratory 
of that university. All nymphs of £. flavolineatus 
were collected on July 9, 1959, from a pool formed 
on a partially dried fall near Heredia, Costa Rica. 
A long series of adults collected there represented 
only E. flavolineatus, and the nymphs found with 
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them were regarded as belonging to the same species. 
In fact, this locality was the only one where E. 
flavolineatus was taken during more than 2 months of 
intensive collecting of Gerridae in Costa Rica. 

Adults of both of these species and nymphs in the 
various instars are illustrated in plate 2. 

In the first nymphal stage of both species (figs. 
I, R) the cleavage line on the head is distinct, and 
the rest of the head is fuscous. The pronotum has 
a pair of clearly separated, fuscous spots, and fuscous 
spots are well marked also on the meso- and the 
metanotum. The spots are darker, however, in E. 
flavolineatus than in E. summatus. 

In second-stage nymphs (fig. H) of E. flavolineatus 
the spots on the thoracic nota are darker than be- 
fore, and darker than in second-stage E. summatus 
(fig. Q). A paler area along the hind margin of the 
head and continuing along the inner margin of the 
eyes is more pronounced in flavolineatus than in sum- 
matus, and whitish spots on the abdominal tergites 
have appeared in flavolineatus. 

In the third stage of E. summatus (fig. P) the pro- 
notal spots are confluent anteriorly, the metanotal 
spots become less distinct, and the head is nearly 
unicolorous above. In the same stage of FE. flavo- 
lineatus (fig. G) the spots on the thoracic nota are 
nearly black, and the paler area on the posterior mar- 
gin of the head and bordering the inner margin of 
the eyes is conspicuous. 

In the fourth stage (figs. E, F, N, 
can be distinguished by their different body sizes 
and especially by differences in the segmental lengths, 
though no external sexual differences are shown by 
the eighth segment ventrally. Figures A, B, J, and 
K show that as adults the two sexes of E. summatus 
differ considerably in size and those of EF. flavo- 
lineatus differ greatly. Thus the smaller of the fourth- 
stage individuals, with shorter segmental lengths, can 
be regarded as males. In fourth-stage E. summatus 
the pronotal spots are confluent or nearly confluent 
posteriorly, and the spots on meso- and metanota are 
even less distinct than in the third stage. In fourth- 
stage E. flavolineatus the pronotal spots are black and 
nonconfluent posteriorly, while those on the meso- 
and the metanota are black and distinct. The whitish 
spots on the abdominal tergites are more distinct in 
flavolineatus than in summatus. 

In the fifth stage (figs. C, D, L, M) the sexual 
difference on the eighth ventral abdominal segment 
is evident. In E. summatus (figs. L, M) the prono- 
tum is pale fuscous, with a white median stripe, and 
the meso- and metanotal spots are obsolete: in E. 
flavolineatus (figs. C, D) the pronotal spots are not 
confluent posteriorly, and the meso- and metanotal 
spots are black and well marked. The whitish spots 
on the abdominal tergites are distinct in both species. 


O) the sexes 


Comparison of Growth Patterns 


Table 4 shows a higher growth ratio (#) in E. 
summatus than in E. flavolineatus for four segments 
at the level of 0.02>P>0.01 or of P<0.01, and for 
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Table 3—Body lengths and lengths of antennal and legs segments in successive developmental stages of Eurygerris 


summatus and E. flavolineatus.* 


First 


Eurygerris summatus 
22.8-29.0 
(27.27) 
3.3- 3.9 
(3.71) 
2.3- 2.6 
(2.52) 
4.5- 4.9 
(4.76) 
7.9- 8.9 
(8.43) 
7.0- 
(7.3! 
7.0- 7.5 
(7.21) 
3.7- 4.0 
(3.82) 
14.0-14.5 
(14.14) 
17.0-18.2 
(17.75) 
16.3-17.3 
(16.98) 
14.0-14.7 
(14.38) 
14-82 
(7.96) 
8.2- 8.9 
(8.65) 


Length of body 
Ant. segment 1 
Ant. segment 2 
Ant. segment 3 
Ant. segment 4 
Front femur 
Front tibia 
Front tarsus 
Middle femur 
Middle tibia 
Middle tarsus 
Hind femur 
Hind tibia 
Hind tarsus 


Eurygerris flavolineatus 
27.0-36.0 
(32.50) 
4.6- 48 
(4.76) 
29- 31 
(3.00) 
4.3- 4.7 
(4.52) 
8.9- 9.0 
(8.97) 
10.0-10.5 
(10.32) 
9.4-10.2 


(9.55) 


Length of body 
Ant. segment 1 
Ant. segment 2 
Ant. segment 3 
Ant. segment 4 
Front femur 
Front tibia 


5.0- 5.2 


(5.08 ) 
20.5-21.4 
(20.74) 


Front tarsus 


Middle femur 


Middle tibia 


Middle tarsus 


19.5-21.0 
(20.31) 

10.5-11.0 
(10.90) 

10.0-10.6 
(10.11) 


Hind femur 


Hind tibia 


Hind tarsus 


a Measurements are expressed in 


individuals. 


ocular 


Second 


32.7-44.0 
(40.22) 
4.9- 5.4 
(5.07) 
3.7- 4.0 
(3.85) 
6.3- 7.0 
(6.43) 
9.4-10.3 
(9.91) 
9.6-10.7 
(10.33) 
9.3-10.1 
(9.60) 
4.2- 4.7 
(4.53) 
20.6-22.2 
(21.34) 
23.3-24.8 
(24.02) 
19.6-22.0 
(21.09) 
21.2-23.1 
(22.00) 
10.3-11.0 
(10.68 ) 
9.3-10.7 
(10.05) 


36.0-49.5 
(42.50) 
5.5- 6.4 

(5.93) 
3.7- 4.3 

(4.18) 
5.2- 6.0 

(5.64) 
9.8-10.5 
(10.23 ) 
13.8-15.2 
(14.54) 
12.2-13.5 
(12.78) 
5.2- 6.2 

(5.94) 
28.0-32.0 
(29.97 ) 
29.5-33.0 
(30.85) 
29.5-33.0 
(31.21) 
27.5-30.0 
(29.15) 
13.5-15.0 
(14.43) 
11.0-13.0 
(12.10) 


micrometer 


units; 


Nymphal stages 


Third 


5.4- 

(5. 
8.4- 9.3 
(8.77) 
11.7-13.1 
(12.16) 
14.5-14.9 
(14.59) 
12.8-14.0 
(13.50) 
5.2- 6.0 
(5.66) 
28.7-32.7 
(30.80) 
29.4-33.6 
(32.19) 
24.7-28.0 
(26.46) 
29.9-33.6 
(31.93) 
14.0-15.6 
(14.90) 
12.1-14.0 
(13.85) 


47.0-55.0 
(50.60) 
7.0- 8.0 
(7.50) 
4.7- 5.2 
(5.05 
6.0- 7. 
(7.02 
10.5-12.0 
(11.45) 
16.3-18.4 
(17.62) 
14.8-16.0 
(15.16) 
6.1- 6.8 
(6.46) 
37.5-39.0 
(38.30) 
36.0-39.0 
(37.90) 
34.5-36.0 
(35.20) 
35.0-38.5 
(37.30) 
17.0-18.0 
(17.60) 
13.0-14.0 
(13.65) 


173.7 units 


= 10 mm. 


Fourth, 2 


69.0-79.0 
(73.60) 
9.5-11.0 
(10.15) 
8.0- 9.0 
(8.35) 
11.5-12.5 
(11.75) 
14.0-16.0 
(15.10) 
20.0-22.0 
(20.85) 
18.5-20.5 
(19.25) 
7.5- 8.5 
(7.80) 
42.0-47.0 
(44.65) 
41.0-46.0 
(43.20) 
31.5-35.5 
(33.45) 
43.0-49.0 
(45.75) 
20.0-24.0 
(21.70) 
16.0-17.5 
(16.50) 


53.0-66.0 
(59.30) 
8.4- 9.5 
(9.15) 
60- 7.0 
(6.36) 
7.7- 8.3 
(8.11) 
12.9-13.5 
(13.06) 
19.5-21.8 
(20.91) 
18.0-19.0 
(18.49 ) 
7.4- 7.7 
(7.55) 
42.0-49.0 
(45.70) 
43.0-49.0 
(44.85) 
36.0-42.0 
(40.40) 
40.0-48.0 
(43.95) 
19.5-22.0 
(20.75) 
15.0-16.0 
(15.70) 


Fifth, ¢ 


88.0-103.0 
(98.25) 
14.0- 16.0 
(15.30) 
14.5- 16.0 
(15.40) 
14.5- 16.0 
(15.50) 
17.0- 19.0 
(18.20) 
28.5- 31.0 
(29.65) 
26.0- 28.0 
(26.65 ) 
10.0- 11.0 
(10.21) 
59.0- 65.0 
(62.55) 
51.0- 57.0 
(55.20) 
39.5- 43.0 
(41.10) 
60.0- 67.0 
(64.35) 
28.5- 32.5 
(30.75) 
21.0- 23.0 
(21.60) 


74.0- 81.0 
(78.45) 
11.5- 12.0 
(11.91) 
8.6- 93 
(9.09) 
10.0- 11.0 
(10.30) 
14.0- 15.0 
(14.57) 
28.5- 30.0 
(29.17) 
22.0- 25.0 
(23.46) 
9.0- 9.5 
(9.28 ) 
58.0- 61.5 
(60.15) 
57.0- 60.0 
(58.05 ) 
45.0- 50.0 
(47.05) 
58.0- 60.0 
(58.65 ) 
26.0- 29.5 
(27.60) 
18.0- 19.5 
(18.65) 


Values in parentheses are 


Adult 2 


10.6.0-119.0 
(112.70) 
19.5- 22.5 
(21.05) 
17.0- 19.5 
(17.85) 
18.0- 20.3 
(19.56) 
18.5- 21.0 
(19.90) 
37.0- 40.0 
(38.10) 
31.5- 34.0 
(32.53) 
9.5- 11.0 
(10.35) 
72.0- 79.0 
(76.00) 
59.0- 67.0 
(62.25) 
41.0- 47.5 
(43.65) 
76.0- 84.0 
(81.10) 
34.5- 43.0 
(37.55) 
21.0- 27.0 
(23.40) 


89.0- 94.0 
(91.20) 
15.4- 17.0 
(16.61) 
10.0- 12.0 
(10.87 ) 
11.0- 12.1 
(11.47) 
15.2- 17.0 
(15.99) 
34.0- 37.5 
(35.47) 
27.0- 29.5 
(27.75) 
9.0- 10.0 
(9.26) 
67.0- 78.0 
(70.90) 
64.0- 71.0 
(66.35 ) 
49.0- 56.5 
(51.17) 
65.0- 74.0 
(69.40) 
30.5- 35.0 
(32.15) 
19.0- 21.0 
(20.05) 


mean values of 10 
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PLate 7.—Lengths of various segments of appendages in Eurygerris 
cessive developmental stages, and of adult males of other Eurygerris 
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flavolineatus and E. summatus, in suc- 
species, plotted against body length as 


described under figs. 10-12. Fig. 13, Fourth antennal segment; Fig. 14, Front femur; Fig. 15, Front tibia and 


tarsus; Fig. 16, Middle femur and tarsus. 


ot 


four segments at the level 0.1>P>0.05;° k is 
greater in flavolineatus than in summatus only for the 
middle tibia (P<0.01). Although statistically not 
significant, the computed values of k for four other 
segments are greater in E. summatus than in E&. 


®As pointed out earlier in this paper, the differences in 
growth ratio and the initial growth index can be regarded as 
being more significant than the significance test indicates, since 
the standard deviation is always bound to be unreasonably greater 
(owing to the physiological factor involved in the measurement of 
the body length) than it would be otherwise. Therefore, the 


difference at the level of 0.1 P 0.05 may actually be significant. 


flavolineatus. Thus there is a striking tendency 
toward a greater growth ratio in E. summatus. 

The initial growth index (0b) smaller in E. 
summatus than in E. flavolineatus in 10 segments 
at the level of P<0.05 or of P<0.01, and in one 
segment at the level of 0.1>P>0.05.2 Thus there 
is a tendency for the initial growth index of segments 
to be smaller in E. summatus than in E. flavolineatus. 
Exceptions to this tendency are (1) the absence of 
a significant difference between the two species in the 
initial growth index for the third antennal segment, 


is 
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Fics. 17 and 18.—Lengths of middle tibia and of hind leg segments, respectively, in species of Eurygerris, 
plotted against body length as described under figs. 10-12. 


and (2) the fact that the value of b for the middle 
tibia is greater in summatus than in flavolineatus. 
This last discrepancy, however, can be accounted for 
by hypothesis 3. 

The growth patterns for the great majority of seg- 
ments mentioned above substantiate hypothesis 1, 
that when the growth ratio or the initial growth in- 
dex for a segment varies among a group of related 
species, the ratio or the index for other segments 
varies in a parallel fashion. 

The differences between the species in the growth 
ratios for the first antennal segment, the front femur, 
the middle femur, and the hind femur are not statis- 
tically significant (P>0.5 or 0.5>P>0.1). There 
may be significant differences between the species in 
the second and fourth antennal segments and in the 
middle tarsus (0.1>P>0.05), when allowance is made 
for the physiological factor involved in measurements 
of the body length. For the rest of the segments, how- 
ever, the two species show significant differences in 
the growth ratios. There is thus a strong tendency for 
the growth ratios of the basal leg and antennal seg- 
ments (with higher growth ratios) to be more similar 


than those of distal segments (with lower growth 
ratios). Hypothesis 2 thus holds for the growth 
ratio. 


The differences between the two species in the 
initial growth index for segments are, however, statis- 
tically significant for all segments except the third an- 
tennal segment and the front femur (0.1>P>0.05). 
Thus there is no tendency in the two species for the 
initial growth indices of basal leg and antennal seg- 


ments to be more similar than those of distal seg- 
ments. 

Table 4 shows that when the value of & for a given 
segment is greater‘ in E. summatus than in E. flavo- 
lineatus, the value of b for that segment is always 
smaller in the former than in the latter species (ex- 
cept in the case of the third antennal segment) ; and 
when the value of & for a given segment (e.g., middle 
tibia) is smaller in summatus than in flavolineatus, 
the value of b for that segment is greater in the 
former species than in the latter. Hypothesis 3, that 
when k increases b decreases, and vice versa, thus 
generally holds at the interspecific level. 

A few more exceptions to this tendency were noted 
among the segments of the same legs of the same spe- 
cies. In E. summatus both k and b are greater for 
the hind femur than for the hind tibia (P<0.01), 
while in E. flavolineatus k is greater for the hind 
femur than for the hind tibia (P<0.01) and b 
also greater for the former than for the latter 
(0.1>P>0.05). 


1S 


Species-Form Allomorphosis 


In the two Eurygerris species studied, the growth 
patterns of segments—especially the initial growth 
index—are highly variable. If this tendency is wide- 
spread among the different species of this genus, the 
allomorphic slopes would not reflect the growth 


slopes. This apparently is the case in Eurygerris, 


‘ Although the differences are not statistically significant, the 
calculated values of k& for basal segments of legs and antennae 
are also greater in E. oummatus than in E. flavolineatus. 
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MatTsubDA: RELATIVE GROWTH IN GERRIDAE 


Table 4.—Comparison of growth patterns in Eurygerris summatus and E. flavolineatus. 


Growth ratio (k) 


Significance 
level 


summatus | flavolineatus 


1.1404 
1.2157 
0.8764 
0.5428 
1.1225 
0.9801 0.1 
0.6233 


1.1914 
1.3106 
0.9716 
0.6157 
1.1315 
1.0450 
0.7604 
1.1721 
0.8850 
0.6925 
1.1898 
1.0958 
0.7312 


Ant. segment 1 
Ant. segment 2 
Ant. segment 3 
Ant. segment 4 
Front femur 
Front tibia 
Front tarsus 
Middle femur 
Middle tibia 
Middle tarsus 
Hind femur 
Hind tibia 
Hind tarsus 


0.9808 
0.6455 0.1 


1.0036 
0.6456 


as can be seen in figures 10 to 18. It is interesting 
to note, however, that the slopes for the basal seg- 
ments—especially the front and middle femora (figs. 
14, 16)—are nearly horizontal. Such nearly horizon- 
tal growth slopes can be the result of ‘differences 
primarily in the initial growth indices among species, 
with the growth ratios remaining much the same, as 
the growth patterns of the basal segments in these 
two species suggest. If this interpretation is correct, 
the cases approximate mechanism E (Matsuda 1960, 
pp. 117, 446), by which a nearly horizontal allomor- 
phic slope is formed. 


Taxonomic Significance 


The initial growth indices for all antennal seg- 
ments (except the third) in the two 
Eurygerris are much smaller than those in Gerrits 
(Gerris) marginatus Say (Matsuda 1960, p. 90). 
For example, the values of b for the first antennal 
segment are —1.0570 for E. flavolineatus, —1.1793 
for E. summatus, and —0.6928 for G. marginatus. 
The same applies to most of the leg segments, though 
b for the middle tarsus is much greater in the two 
Eurygerris species than in G. marginatus. The gen- 
eral growth pattern of the genus Eurygerris ap- 
parently is quite different from that of Gerris s. str.,° 
in which Eurygerris was included until recently. 


species of 


3. RELATIVE GROWTH IN THE GENUS Potamobates 
(Plate 3; figures 19-23; tables 5 and 6) 

Two species, Potamobates horvathi Esaki and P. 
unidentatus Chatapion, were studied in all stages of 
postembryonic development, using the same pro- 
cedures as with the Limnogonus and Eurygerris 
species reported above. The ranges and averages for 
the various segments in each species are summarized 
in table 5, and the average segmental lengths for 10 
individuals of each stage are plotted against body 


5 There is some indication that the growth patterns for seg- 
ments in different f Gerris are more similar, judging 
from the degree of the allomorphic slopes to the 
growth slopes of the segments in G. (Gerris) 
marginatus. 


species of 
conformity ot 
corresponding 


0.5 >P>0.1 
0.1 >P>0.05 
0.02>P>0.01 
0.1 >P>0.05 
P>0.5 
>P>0.05 
P<0.01 
1.1233 0.5 >P>0.1 
P<0.01 
>P>0.05 
1.1272 0.5 >P>0.1 
0.02>P>0.01 
0.02>P>0.01 


Initial grown index (b) 


Significance 

summatus flavolineatus level 
— 1.0570 0.05>P>0.02 
— 1.3557 0.05>P>0.02 
—0).6550 P<0.5 
0.1384 0.05>P>0.02 
—0().6674 0.1 >P>0.05 
—().4828 P<0.01 
—().2388 P<0.01 
—0.3440 P<0.01 
—().0976 0.05>P>0.02 
0.4497 P<0.01 
—0.3647 P<0.01 
—().4641 P<0.01 
0.0428 P<0.01 


—1.1783 
—1.5U/6 
—0).6387 

0.0279 
—().7800 
—().6654 
—0.5373 
—().5398 

0.0254 


—0.1421 


length in figures 19 to 22, and are joined by slope 
lines that terminate in larger, solid circles represent- 
ing the mean values for the corresponding segment 
in 10 adult males of the same species. Other, un- 
connected larger circles in these same figures repre- 
sent mean values for the same segments in three adult 
males in six additional species, namely, P. peruvianus 
Hungerford, P. thomasi Hungerford, P. woytkowskii 
Hungerford, P. williamst Hungerford, P. variabilis 
Hungerford, and P. tridentatus Esaki. 


Recognition of Nymphs 


The nymphs and adults of Potamobates horvathi 
Esaki were collected at Juan Mina, below Madden 
Lake, Panama Canal Zone, in September 1959. Large 
numbers of this species were found among waterlilies 
(Castolia sp.) growing in relatively clean water. As 
no other species of Potamobates was found here, the 
identification of the nymphs can be justified. 

The nymphs and adults of Potamobates unidentatus 
Champion were collected from a small stream behind 
the U. S. Embassy at Santa Ana, Costa Rica. This 
was the only species of Potamobates found on this 
stream during several collecting visits. 

Adults and nymphs of all stages of these two species 
are illustrated in plate 3. 

In both species the upper surface of the body in 
first-stage nymphs predominantly 
yellowish-white and the head is pale fuscous, with a 
Paired fuscous spots are ap- 


Coes. F; E> is 


distinct cleavage line. 
proximated along the pale yellow, median, longitudi- 
nal pronotal stripe. Fuscous spots on the meso- and 
metanota and on the abdominal terga are clearly 
recognizable. As in other genera of Gerridae, speci- 
fic distinction of first-instar nymphs is extremely 
difficult. 

In the second stage (figs. E, 
becomes increasingly darker in both species and the 
paler area of the head (where the cleavage line was 
formerly present) becomes considerably larger. In 
P. horvathi the fuscous pronotal spots are as in the 
previous stage, but in P. unidentatus they have be- 


J) the ground color 
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Table 5.—Body lengths and lengths of antennal and leg segments in successive developmental stages of Potamo- 
bates horvathi and P. unidentatus.* 


Nymphal stages 
Adult 
Second Third Fourth Fifth 


Potamobates horvathi 
Length of body 33.0-40.3 50.7-58.0 62.0-74.9 77.0- 87.8 100.6-111.‘ 128.8-132.0 
(37.12) (53.86) (69.32) (85.08 ) (106.44 (130.75) 
Ant. segment 1 4.1- 4.2 6.0- 6.6 8.2- 8.5 11.5- 12.6 15.6- 17. 
(6.18) (8.29) (12.12) (16.62 


Ant. segment 2 6- 2. 3.8- 4.1 v J. 6.3- 7.1 74- 8.5 
(3.98) 5. (6.59) (7.94) 
Ant. segment 3 2- 2: 3.0- 3. 3.8- 4. 4.9- 5.2 5.5- 6.5 
(5.06) (6.22) 
Ant. segment 4 2- 4. 5.5- 5.9 4- 7. 8.2- 9.0 10.9- 12.3 12.8- 13.9 
(5.66) 92 (8.71) (11.45 (13.32) 
11.0-12.1 5.3-16. 20.1- 20.9 25.4- 27.4 33.0- 36.8 
(11.32) 5. (20.45) (26.33 ) (34.78) 
9.7-10.5 12.9-14.5 17.7- 19.3 23.4- 25. 30.6- 32.2 
(10.28) (13.85) (18.84) (24.15 (31.40) 
4.0- 4.3 4.8- 5.0 60- 68 8.1- 8. 9.3- 10.1 
(4.11) (4.84) (6.44) (8.37 (9.72) 
35.4-39.5 52.3-56.4 73.3- 80.5 96.6-108. 124.0-132.0 
(37.20) (54.07 ) (75.60) (100.97 (126.41) 
31.0-34.9 41.0-43.9 55.6- 59.6 61.0- 71. 82.1- 87.8 
(32.25) (43.24) (57.00) (69.81 (84.86 ) 
Middle Tarsus 11.3-12.1 14.1-15.3 20.9- 22.5 29.8- 34.6 39.5- 41.9 
(11.03) (11.47) (14.77) (21.94) (32.37 ) (40.50) 
Hind femur 26.2-29.0 39.5-43.5 54.8-59.6 78.9- 82.9 101.5-113.5 128.8-134.5 
(27.34) (40.83 ) (57.89) (80.80) (105.31) (131.64) 
Hind tibia 8.0- 8.5 12.5-12.9 18.9-20.9 30.6- 33.0 41.9- 48.2 58.0- 62.0 
(8.16) (12.68 ) (19.69 ) (31.36) (46.54) (59.94) 
Hind tarsus 5.1- 5.6 5.6- 6.0 68- 7.3 8.1- 9.7 9.7- 12.8 10.1- 12.5 
(5.27) (5.80) (7.17) (8.86) (11.07) (11.67) 


b&w 
oo 


Front femur 


No 
oo GO 


oe 


Front tibia 


— 
» Wns 


Front tarsus 


in 
~ 
So & 


bt 
we 


Nib Unto 


Middle femur 


Ne 


CD me 


Middle tibia 


———— a ee 


Potamobates unidentatus 
Length of body 33.0-41.0 47.0-59.5 70.0-80.0 91.0-107.0 108.0-129.0 147.0-158.0 
(37.60) (55.50) (73.85) (94.70) (120.90) (151.60) 
Ant. segment 1 4.8- 5.2 7.0- 8.0 10.5-11.5 15.0- 17.0 20.5- 22.0 29.0- 31.0 
(4.92) (7.38 ) (10.90) (16.00) (21.45) (29.95) 
Ant. segment 2 3.0- 3.2 4.1- 4.8 5.3- 5.5 7.0- 8.0 9.3- 10.0 10.5- 11.0 
(3.18) (4.40) (5.46) (7.55) (9.53) (10.75) 


Ant. segment 3 3.0- 3.2 4.0- 4.5 5.2- 5.5 70- 75 90- 10.0 10.0- 10.5 
(3.1 (4.31) (5.32) (7.48) (9.46) (10.31) 
Ant. segment 4 5.2- 5.5 6.5- 7.5 8.5- 9.5 10.5- 11.5 13.0- 14.0 15.0- 16.0 
(5.42) (7.09) (9.22) (10.90) (13.50) (15.25) 
Front femur 9.0-10.0 13.5-15.5 18.5-20.0 25.0- 27.0 32.0- 35.0 42.0- 46.0 
(9.52) (14.58) (19.45) (25.95) (32.80) (44.00) 
Front tibia 8.5- 9.3 12.5-13.5 16.5-18.0 22.5- 24.0 30.0- 31.0 39.5- 41.0 
(8.96) ( ) (17.65) (23.40) (30.40) (40.55) 
Front tarsus 4.0- 4.5 4.5- 5.0 6.0- 6.0 7.5- 80 9.8- 10.5 10.5- 12.0 
(4.36) (4.75) (6.00) (7.65) (10.05 ) (11.35) 
Middle femur 25.5-27.0 39.0-44.0 60.0-62.0 790- 84.0 104.0-115.0 131.0-150.0 
(26.8) (41.77) (60.65 ) (82.50) (109.45) (142.65) 
Middle tibia 27 .0-30.0 36.5-41.5 51.5-53.0 65.0- 68.0 77.0- 81.0 92.0-102.0 
(28.40) (39.66) 52.75) (65.85 ) (78.65) (96.00) 
Middle tarsus 11.0-12.0 11.5-13.0 15.5-17.0 24.0- 26.5 36.0- 41.0 47.0- 54.5 
(11.40) (12.30) 6.25) (25.10) (38.55) (52.95) 
Hind femur 31.0-34.0 46.0-50.0 65.5-69.0 88.0- 93.0 107.0-119.0 139.0-156.0 
(32.30) (47.55) (68.05 ) (90.20) (114.75) (151.00) 
Hind tibia 9.0-10.0 14.0-15.0 21.0-24.0 33.0- 37.0 50.0- 58.0 76.0- 87.0 
(9.54) (14.55) (22.00) (35.50) (53.35) (81.50) 
Hind tarsus 5.5- 6.0 6.0- 7.0 7.0- 8.0 9.0- 10.0 10.0- 12.0 10.5- 12.0 
(5.65) (6.33) (7.70) (9.50) (11.41) (11.35) 


5 


1 
7 


@ Measurements are expressed in ocular micrometer units; 173.7 units = 10 mm. Values in parentheses are mean values of 10 
lividuals 
individuals. 
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PLaTe 8.—Lengths of antennal and leg segments in species of Potamobates, plotted on Y-axis against 
body length on X-axis. Points joined by lines ending in solid circles are mean values for 10 individuals 
in successive developmental stages of P. horvathi and P. unidentatus, as respectively labeled. Unconnected 
solid circles are mean values for three adult males each of other species of Potamobates (see text). Fig. 19, 
First, third, and fourth antennal segments. Fig. 20, Front femur, tibia, and tarsus. Fig. 21, Middle femur, 
tibia, and tarsus. Fig. 22, Hind femur, tibia, and tarsus. 
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come more widely separated with enlargement of the 
median paler area. Whitish appear in both 
species anterior to the mesonotal dark spots, and in 
P. horvathi the whitish area between the latter be- 


spots 


comes wider. 

In the third and fourth stages (figs. G, H, K, N) 
the paler area on the head becomes larger, especially 
in P. unidentatus. The pronotal spots in P. horvathi 
become darker, with a pale, median, longitudinal 
stripe between them, and in P. unidentatus these 
spots become smaller and the whitish area larger. 
In P. horvathi the mesonotal spots occupy about the 
posterior one-half to two-thirds of the mesonotum, 
and are dark; in P. unidentatus the whitish area be- 
tween these spots extends more anteriorly than in the 
previous stage. The metanotal spots of P. horvathi 
are dark fuscous, those of unidentatus become ob- 
literated and whitish. The spots on the abdominal 
terga of P. horvathi are well marked and dark fuscous, 
while in P. unidentatus they are largely obliterated 
and the terga are largely whitish. 

In the fifth stage the upper surface of the head 
is largely whitish in P. unidentatus (figs. L, M), 
while in P. horvathi (figs. C, D) the darker areas 
along the inner margins of the eyes, the dark clypeal 
area, and small, dark, paired spots on the head are 
distinct. In P. horvathi the pronotal spots are black, 
and the pronotum has a pale, median, longitudinal 
stripe; in P. unidentatus the pronotum is largely 
whitish. In P. horvathi the mesonotal dark 
reach the anterior fourth, and the lateral white stripes 
reach the anterior margin of the mesonotum; in P. 
unidentatus these dark spots and white stripes are 
The metanotal dark spots in 


spots 


much less developed. 


| y 


y 
i 


‘ 


f 
Fic. 23.—Claws of middle legs (a to d) and hind legs 
(e to h) of nymphs of Potamobates unidentatus; a and e, 


first-stage nymph; b and f, second-stage nymph; c and g, 
fourth-stage nymph; d and h, fifth-stage nymph. 


d 
h 
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P. horvathi are quite distinct, and the dark spots 
(originally paired) are continuous on the abdominal 
terga: in P. unidentatus the metanotal area and the 
abdominal terga are largely whitish. 

The middle and hind legs of the nymphs were found 
to possess conspicuous claws, similar in shape and 
The claws of the 
are lobate 


position in both of these species. 
middle leg in the first instar (fig. 23, a) 
and largely colorless, and arise near the middle of 
the tarsus. They become more and more reduced, 
and arise more apically, in the second and third stages 
(fig. 23, b) ; and in the fourth stage, when the tarsus 
becomes segmented, they are still further reduced 
and arise slightly beyond the middle of the second 
segment (fig. 23, c). The fifth-stage nymph has claws 
(fig. 23, d) that are still more reduced and arise 
near the apical third of the second segment. The 
lobate claws of the hind leg are less conspicuous, 
and arise more apically, than those of the middle 
leg. They too become more and more reduced, and 
arise more and more distad, in successive nymphal 
stages (fig. 23, e to h). The the hind 
legs, like those of the middle legs, have disappeared 
in the adult stage. 


claws of 


‘omparison of Growth Patterns 
Comparison Growth Pattern 


Table 6 shows the calculated values of the growth 
ratio (k) in P. horvathi to be greater for two seg- 
ments at the level of 0.1>P>0.05, and significantly 
greater for nine segments, than those of P. uniden- 
tatus. The differences between the species in growth 
ratios are nonsignificant for only the third antennal 
segment and the middle tarsus. The values of the 
initial growth index (b) in P. horvathi are smaller 
for 2 segments at the level 0.1>P>0.05, and signi- 
ficantly smaller for 10 segments, than in P. uniden- 
tatus; and the difference in initial growth index be- 
tween these species is entirely without significance 
only for the middle tarsus. These facts generally 
substantiate hypothesis 1, that when the growth ratio 
or the initial growth index for a segment varies in 
a group of species, the index or the ratio for other 
segments varies in a parallel fashion. 

In both species the growth ratios (k) for the first 
antennal segments are similar and are higher than 
those for any other antennal segment. In the middle 
leg and the hind leg the highest growth ratios are 
those for the middle tarsus and the hind tibia, re- 
spectively, and again these ratios are similar, with 
no statistically significant difference between those 
for homologous segments. The data in table 6, how- 
ever, show the third antennal segment as presenting 
an exception to this tendency. The growth ratios for 
this segment are relatively low, yet there is no statis- 
tically significant difference between those of the two 
species. 

A similar tendency is noted in the initial growth 
index (table 6). This, too, is more similar in the 
two species for homologous segments with higher 
growth ratios, such as the middle tarsus and the hind 
tibia. Here again there is no statistically significant 
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MATSUDA: RELATIVE GROWTH IN GERRIDAE 


Table 6.—Comparison of growth patterns in Potamobates horvathi and P. unidentatus. 


Growth ratio (k) 


significance 
level 


horvathi | unidentatus 
1.3001 
0.9047 
0.8986 
0.7483 
1.0623 
1.1091 
0.7565 
1.1931 
0.8633 
1.4505 
1.0900 
1.5765 


0.5741 


1.3547 
1.0134 
0.8944 
0.9008 
1.1875 
1.1845 
0.8507 
1.3578 
1.0474 
1.4836 
1.2718 
1.6394 


0.6595 


Ant. segment 1 
Ant. svgment 2 
Ant. segment 3 
Ant. segment 4 
Front femur 
Frejrt tibia 
Fré/nt tarsus 
Middle femur 
Middle tibia 
N.iddle tarsus* 
fAind femur  ¢ 
Hind tibia 
Idind tarsus 


0.1 >P>0.05 
P<0.01 
P>0.5 
P<0.01 
P<0.01 

0.02>P>0.01 
P<0.01 
P<0.01 
P<0.01 
P>0.5 
P<0.01 

0.1 >P>0.05 

0.02>P>90.01 


Initial growth index (b) 


Significance 


horvathi unidentatus level 


P<0.01 
P<0.01 
>P>0.05 
P<0.01 
P<0.01 
P<0.01 
P<0.01 


— 1.3732 
—0.8334 
—().9256 
—().4907 
—0.6882 
—0.8300 
—0.6139 
—(0.4482 P<0.01 
—0.1187 P<0.01 
— 1.4505 05 SP >0i 
P<0.01 
>P>0.05 
»-P>0.01 


—1.5334 
—1.1514 
— 1.0298 
—0.7901 
—().9829 
—1.0211 
—().8302 
—().7592 
—().2851 
—1.5231 
—0.5668 
— 3.0931 3,0287 0.1 

—().3508 0.02 


@ Second nymphal stage to male adult stage: first nymphal stage not included in calculation. 


difference between the two species as regards the 
third antennal segment. 

The above evidence indicates that the growth pat- 
terns (growth ratios and initial growth indices) are 
more similar between species for the homologous 
segments with higher growth ratios than those for 
other segments with lower growth ratios—although 
there is an exception. Thus hypothesis 2 generally 
holds. 

It should also be pointed out that the points repre- 
senting the middle tarsus and the hind tibia in adults 
of other species of Potamobates (figs. 21, 22) fall 
more in conformity with the growth lines. for the 
respective segments than do the points for most other 
segments. This indicates, in turn, that the growth 
patterns of these two segments (with higher growth 
ratios) probably are more similar among the various 
species of Potamobates than those of the other seg- 
ments. 

The inverse relation between the growth ratio () 
and the initial growth index (b)—1.e., that as k in- 
vice versa,—holds true in 
most cases (hypothesis 3). A few exceptions should 
be noted. In P. horvathi the difference in growth 
ratio between the third and fourth antennal segments 
is not statistically significant, but there is a signifi- 
cant difference between the two species in the initial 
growth index for these segments. In P. unidentatus 
the growth ratio for the front femur is much greater 
than that for the front tarsus, but there is no statis- 
tically significant difference in the initial growth in- 
dex between these two segments. The same applies 
to the relation between the hind femur and the hind 
tibia in P. unidentatus. Between homologous 
ments, at the interspecific level, the hypothesis con- 
sistently holds for all segments when there is a 
statistically significant difference in either one of the 


creases b decreases, and 


seg- 


parameters. 
Species-Form Allomorphosis 


As comparison of growth patterns of the segments 
in the two species shows, the growth ratio for most 


segments is greater in P. horvathi (a smaller species ) 
than in P. unidentatus, and the initial growth index 
for most segments is smaller. If this tendency, greater 
growth ratio smaller initial index in 
shorter species, is prevalent among the species of 
Potamobates, a nearly horizontal allomorphic slope 
will be formed. Apparently this is the case with 
most segments in Potamobates, as can be noted in 
figures 19 to 22. These cases thus fit the mechanism 
D (Matsuda 1960, pp. 117, 446) by which a nearly 
The growth 


and growth 


horizontal allomorphic slope is formed. 
patterns of segments with higher growth ratios (e.g., 
middle tarsus and hind tibia) were found to be more 
similar between P. horvathi and P. unidentatus than 
those of the other segments with lower growth ratios. 
The allomorphic slopes for these segments roughly 
conform to the growth slopes for the corresponding 
segments, and thus reflect the 
growth patterns, common to the species of Potamo- 
bates. 


presence of similar 


Taxonomic Significance 


The most conspicuous difference in the growth pat- 
tern in Potamobates and the patterns in the other ger- 
rine genera studied thus far is that the growth cen- 
ter (the area or segment with the highest growth 
ratio) is not always proximal (e.g., femur), but 
evidently is located in the tibia (front and hind 
legs), or even in the distalmost segment, the tarsus 
(middle leg). The growth ratios of these growth cen- 
ters are remarkably high, especially in the middle 
and hind legs; and, in relation, the initial 
growth indices for these segments are remarkably 
low in the two species of Potamobates studied. Thus, 
the initial growth indices for the hind tibia in two 
species of Gerris (Matsuda 1960, p. 90) are —0.7914 
and —0.4339, respectively; in two species of Lim- 
nogonus (table 2), —0.9431 —0.7547, respec- 
tively; in two Eurygerris (table 4), 
—0.7029 and —0.4641, respectively; and in the two 
Potamobates (table 6), —3.0931 and 
The growth pattern in Po- 


inverse 


and 
species of 


species of 
3.0287, respectively. 
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tamobates that is quite different from those of the 
other genera of Gerrinae supports the new classifica- 
tion of the Gerrinae (Matsuda 1960, p. 217) in which 
Potamobates and two other genera constitute a dis- 
tinct tribe within the subfamily. 

While most points for the various segments in 
Potamobates thomasi (the largest species of the 
genus) fall in relatively low areas on the graph, the 
point for the hind tarsus falls in a remarkably high 
area (fig. 22). P. thomasi deviates also in other 
structures, as it is generally much more primitive 
than the other species of Potamobates. A study of 
growth in this species may yield interesting results. 
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Acid Phosphatase in the Stable Fly, Stomoxys calcitrans' 
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ABSTRACT 


The biochemical characteristics of an acid phosphatase 
from tissue homogenates of adult stable flies, Stomoxys 
calcitrans (L.), have been studied. Activity was based on 
the colorimetric determination at 390 mz of p-nitrophenol 
liberated from disodium p-nitrophenyl phosphate. Acid 


The literature is replete with evidence of phos- 
phatase activity in the higher animals and _ plants. 
Phosphatases have been studied in connection with 
carbohydrate metabolism and the glycolysis cycle, 
in energy transfer through ATP, with the metabolism 
of nucleotides and phospholipids, with tissue growth 
and differentiation and the active transport of ma- 
terials in the yeast cell through phosphorylated in- 
termediates (Goodman and Rothstein 1957). Until 
recently, relatively few studies had been made with 
insects. Chefurka (1959) has provided an account of 
glycolysis as it occurs in insects. Wyatt (1959) has 
quantitatively analyzed a number of the phosphorus 
compounds of insects. He notes phosphoethanolamine, 
phosphocholine, alpha glycerophosphate and ATP 
from the blood of the Hyalophora cecropia (L.) pupa 
and_ glucose-6-phosphate and_ sorbitol-6-phosphate 
from the blood plasma of the silkworm, Bombyx 
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phosphatase from the stable fly has an optimum pH of 4.4, 
a Michaelis constant of 9.77 x 10-* M, zero order kinetics, 
a temperature optimum of 40° C. for 30 minutes incuba- 
tion and a Qi of 2.1 between 20° and 30° C. 


mort (L.). It is apparent that there is an abundance 
of substrates for monophosphoesterases in_ insects. 
Reported here is part of an investigation of the 
phosphomonoesterases in adult stable flies. 


MATERIALS AND METHODS 


Numerous techniques have been reported for the 
determination of phosphatases in warm-blooded ani- 
mals. Procedures for phosphomonoesterases in in- 
sects have been reported by Fitzgerald (1949), Rock- 
stein et al. (1951, 1953, and 1956), Alexander et al. 
(1958), Barker and Alexander (1958), Lambremont 
(1959), and others. In the present investigation the 
methods of Andersch and Szezypinski (1947) and 
Bessey et al. (1946, 1952) have been modified for 
assaying acid phosphatases in the stable fly. The 
quantitative measure of phosphatase activity is based 
on the colorimetric determination of alkaline p-nitro- 
phenol, liberated from disodium p-nitrophenyl phos- 
phate, under standardized conditions. 

Substrate—A_ solution of disodium para-nitro- 
phenyl phosphate containing 0.00143 Mole per liter 
was prepared as directed (Anonymous, 1958) and 
kept refrigerated. The substrate solution should be 
nearly colorless. 

Colorimetric standard—A 0.01 m 


stock solution 
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was prepared from 0 1391 g. p-nitrophenol (spectro- 
photometer grade) per 100 ml. This was diluted 1 :200 
to give a 0.0005 m working standard yellow in color. 

Enzyme source-—Three days following emergence 
from the puparia 30 adult stable flies of mixed sex 
which had fed on 10% sugar solution were trans- 
ferred to the grinding tube of a Teflon Pyrex tissue 
grinder. Preliminary tests had shown no significant 
difference in phosphatase content between the two 
sexes. Two ml. of cold, double distilled, and de- 
mineralized water was added and the contents homog- 
enized three minutes. The homogenate was filtered 
through a glass fiber circle in a Gooch crucible us- 
ing moderate suction. The filtrate diluted to 
10 ml. with cold distilled water, so that it repre- 
sented three per ml., and used within a few 
minutes of collection. 

Buffer solution.—A citric acid-NaCl buffer, 0.09 m 
in citric acid and 0.18 m in NaOH was prepared as 
directed (Anon., 1958) and adjusted to pH 4.4 with 
0.1 N HCl. 

Standard — Concentration-A bsorbence 
Transmittance readings at concentrations of 9 and 
18 micromoles (uM) p-nitrophenol were taken at 300, 
330, 350, 375, 380, 390, 400, 430 and 440 millimicrons 
using a “Spectronic 20” photometer in order to dis- 
cover the best wavelength at which to determine 
p-nitrophenol concentrations. As seen in figure 1 the 


was 


flies 


Curve.— 


MINIMUM ABOUT 390 My 


WAVELENGTH, mu 
Fic. 1.—Spectral-transmittance curve of p-nitrophenol. 
Upper curve at 9 «#M concentration; lower curve at 
18 «M. 
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data indicate maximum absorption in the vicinity of 
390 my. This was the setting used in all assays. 

The standard curve, figure 2, represents a plot 
of optical densities against wM p-nitrophenol when 
solutions containing 0, 1, 2, 4, 6, 8, and 10 ml. of 
working standard were read in the photometer at 
390 my. Before reading each tube was diluted to 10 
ml. with distilled water and then 1.1 ml. of 0.2 N 
NaOH was added to make it alkaline. 

Acid phosphatase assay—Two ml. of 0.09 m citric 
acid buffer of pH 4.4, 0.5 ml. of 0.00143 m substrate, 
and 2 ml. of distilled water were added to each of 
three test tubes held in a tray filled with ice. After 
5 minutes, 0.5 ml. of fresh homogenate was added 
to each tube and the tube shaken to mix the contents 
thoroughly. A 1-ml. aliquot of reaction mixture from 
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30 40 
MM OF p-NITROPHENOL 


~Concentration-absorbence curve of /-nitro- 
‘)ptical density measured at 390 millimicrons. 


Fic. 2. 
phenol. 


each tube was transferred to a test tube 
containing 10 ml. of 0.02 N NaOH to give a zero 
The optical densities of the zero time 


separate 


time sample. 
samples were measured and recorded. The tubes con- 
taining the rest of the reaction mixture were trans- 
ferred to a water bath held at 38° C. After precisely 
30 minutes of incubation the tubes were removed from 
the water bath and a 1-ml. aliquot from each tube 
transferred to a tube containing 10: ml. of 0.02 N 
NaOH. Optical densities of the three replicate tubes 
were recorded as the final readings from which the 
respective zero time readings were subtracted to ob- 
tain corrected optical density. Later, the corrected 
readings were converted into ~M of p-nitrophenol 
liberated by reference to the standard curve (figure 
2). Each experiment was repeated three times. Pre- 
liminary studies using boiled homogenate blanks and 
incubated water blanks had indicated that these were 
not routinely necessary. 
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RESULTS 

Optimum pH.—The standard assay procedures were 
followed except that citrate-NaCl buffers of various 
hydrogen ion concentrations were used. Substrate 
concentration and other details were kept constant. 
The data obtained are plotted in figure 3 and show 
the maximum acid phosphatase activity at pH 4.4. 
This optimal pH was therefore adopted for the 
standard assay technique. 

Enzyme concentration.—Varying homogenate con- 
centrations of 0.25, 0.5, 0.75, 1.0, 1.25, and 1.5 ml. 
were used. This represented a range of 0.75 to 4.5 
flies. These variations in enzyme concentration were 
balanced by adding appropriate amounts of distilled 
water so that a total volume of 5 ml. for each reac- 


P-NITROPHENOL 


ACTIVITY 


uw 
° 
= 
= 


pH 

Fic. 3—Optimum pH for acid phosphatase activity. 
tion tube was maintained. A zero order reaction, 
i.e. a direct proportionality between acid phosphatase 
activity and homogenate concentration, was shown 
throughout the range of concentrations tested (figure 
4). 

Substrate concentration—Disodium p-nitrophenyl 
phosphate at final concentrations of 0.3, 0.6, 0.9, 1.1, 
1.4, 1.7 and 2.0 micromoles per liter was employed. 
As shown in figure 5 a linear response to increased 
substrate concentration was obtained past 0.9 uo, but 
beyond 1.1 uM the rate of increase became progres- 
sively less as the (maximum) limiting velocity was 
approached. 

Using these data the Michaelis Constant (K,,) 
was calculated using the double reciprocal plot method 
of Lineweaver and Burk (1934) and found to be 
9.77 x 10° m for the 30 minutes’ incubation period. 

Varying incubation periods —One-ml. aliquots were 
removed from the reaction tubes at intervals during 
incubation at 38° C. and added to separate 10-ml. 


[ Vol. 54 


7O 4 
60 
50 
40 
ACID PHOSPHATASE 


30 


20 


ACTIVITY 
uM OF p-NITROPHENOL 


10 


0-0 


25 5 75 +0 +25 £5 
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Fic. 4.—Effect of varying enzyme concentrations on 
acid phosphatase activity. 
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Fic. 5.—Effect of varying substrate concentrations on 
acid phosphatase activity. 
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Fic. 6.—Effect of varying incubation times on acid 


phosphatase activity. 


portions of 0.02 N NaOH. The results as plotted 
in figure 6 indicate that a zero order reaction was 
maintained beyond 30 minutes of incubation. 
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Optimum incubation temperature—Water baths 
were set up to maintain temperatures ranging from 
20° to 45° C. Results, as shown in figure 7, indicate 
a sharp increase in the reaction velocity between 
25° and 40° C. and a sharp decrease from 40° to 50° 
C. The optimum temperature for a 30-minute incuba- 
tion period is therefore about 40° C. The calculated 
Q!° value, the increase in rate for the 10° rise 
between 20° and 30° C., is 2.1. 


ACID PHOSPHATASE 


P-NITROPENOL 


ACTIVITY 


AIM oF 


20 30 40 


TEMPERATURE (C°) 


Fic. 7—Acid phosphatase activity at different incuba- 
tion temperatures ; 30-minute incubation period. 


Effect of metal ions.—Final concentrations of 0.01 
molar of calcium, cadmium, cobalt, ferrous iron, po- 
tassium, magnesium, and manganous salts were tested. 
The total volume of the reaction mixture was kept 
constant by adding appropriate volumes of distilled 
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water. The results plotted in figure 8 show that the 
ions tested neither activated nor inhibited stable fly 
acid phosphatase to any significant extent. 


DISCUSSION 


The choice of p-nitrophenyl phosphate as a sub- 
strate was based on its increased sensitivity over 
sodium glycerophosphate. Acid phosphatase 
activities with this substrate were twice 
that of sodium glycerophosphate, while alkaline phos- 


beta 
measured 


phatase activities were increased threefold (Ashrafi 
1960). In contrast, Rockstein and Herron (1951) 
reported that Na beta glycerophosphate was hydro- 
lyzed by honey bee phosphatase twice as fast as was 
disodium phenyl (not p-nitrophenyl) phosphate. Bes- 
sey et al. (1946, 1952) had determined the optimum 
wavelength for p-nitrophenol determination to be 
between 400 and 420 mp. However, our data, figure 
1, led to the selection of 390 my as the standard 
value. 

The next step in the development of the standard 
procedure was the determination of the optimum 
pH which was found to be at pH 4.4. Stable fly 
homogenates tested in the alkaline range also exhibit 
an optimum at approximately 7.3, indicating an alka- 
line phosphatase active in that range (Ashrafi 1960). 
Histochemical tests likewise demonstrated both acid 
and alkaline phosphatases with dissimilar localiza- 
tions (Ashrafi and Fisk 1961). Of the optimum pH 
values for insect phosphomonoesterases so far re- 
ported, optima at pH 4.2 and 7.96 reported by 
Denucé (1952) for the silkworm, pH 4.8-5.0 and 
7.4-7.7 reported by Alexander et al. (1958) for the 
house fly and pH 4.6 - 5.3 noted by Lambremont 
(1959) for the Aedes aegypti (L.) mosquito, are 
in general agreement with the optima for the stable 
fly. On the basis of its pH optimum and the fact that 


ACID 
PHOSPHATASE 


IONS 


Fic. 8.—Influence of several metal ions at 0.01 M final concentration on acid phosphatase activity. 
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it is not affected by magnesium or other divalent 
cations, stable fly acid phosphatase agrees with the 
classification of isodynamic phosphomonoesterase II 
(acid phosphatase) of Roche (1950). Roche used 
the term “isodynamic” to refer to the presence in 
cells or body fluid of phosphatase activities of the 
same specificity but of a different pH optimum. The 
acid and alkaline phosphomonoesterases found in the 
stable fly satisfy this condition. 

When homogenate concentration was held constant 
and substrate concentration increased (figure 5) the 
activity at first increased linearly, then progressively 
less rapidly to describe a hyperbola figure characteris- 
tic of typical enzymes. Similar results were obtained 
by Fitzgerald (1949), Rockstein (1956) and Lam- 
bremont (1959). Lambremont worked with Aedes 
aegypti and used Na beta-glycerophosphate as the 
substrate. He reported a K,, value of 8.57 x 10° M 
and showed that 0.08 M substrate was the maximum 
which maintained a zero order reaction. Compared 
with the K,, value of 9.77 x 10° m and 0.009 
maximum concentration for zero order reported here 
it is evident that the substrate p-nitrophenyl phos- 
phate is required in much lower concentration than 
beta-glycerophosphate to assure maximum phospha- 
tase activity (i.e., maximum enzyme-substrate com- 
plex formation). 

The optimum temperature for the 30-minute in- 
Rockstein (1956) 
Lambremont 


cubation period was about 40° C. 
reported an optimum of 40° C. and 
(1959) one of 45° C. for half-hour incubation peri- 
ods. It is interesting to note that the same optimum 
temperature, 40° C., has been reported for alkaline 
phosphatases in other invertebrates by Lipman (1940) 
and in mammals by Bodansky (1939). 

The Qj) value of 2.1 (between 20° and 30° C.) 
reported here compares favorably with the value 
of 2.13 *.) given by Lambremont (1959) 
for the acid phosphatase of the yellow fever mos- 
None of the cations tested were effective either 
inhibitors of stable fly acid phos- 


(25°235" © 


quito. 
as activators or 
phatase, though the alkaline phosphatase activity of 


the same insect species has been shown by Ashrafi 
(1960) to be increased over four times by 0.01 mM 
ferrous or ferric ions and about three times by cobalt 


at the same concentration. He also demonstrated that 
cadmium, manganese, and magnesium ions were 
slightly activating and that none of the cations tested 
were inhibitors. Andersch and Szczypinski (1947), 
among the first to employ p-nitrophenyl phosphate as 
a substrate for acid phosphate, used no added acti- 
vating ions in their procedure. Most workers with 
insect tissues have added magnesium as an activator 
in procedures for acid or alkaline phosphatases and 
several have reported Mg to be effective. Lambre- 
mont (1959) reported maximum Mg activation at 
approximately 0.08 m concentration, while Fitzgerald 
(1949) found 0.05 m Mg to be optimum and Rock- 
stein (1956) reported maximum activation at a final 
concentration of 0.16 to 0.2 M magnesium. 
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A Revision of the Genus Ephemerella (Ephemeroptera: Ephemerellidae) 
II. The Subgenus Caudatella' 
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University of Utah, Salt Lake City 


ABSTRACT 


The six known species of this subgenus include E. (C.) 
orestes from Oregon and E. (C.) cascadia from Oregon 
and northern California, both of which, like FE. (C.) 
edmundsi Allen, are known only from nymphs. Adults 
of E. (C.) hystrix Traver are described for the first time. 
E. (C.) heterocaudata McDunnough (=E. columbiella 


Part I of this revision (Allen and Edmunds 1959) 
dealt with the subgenus Timpanoga. In the accounts 
that follow dealing with species of the subgenus 
Caudatella, collections made by the authors are in- 
dicated by initials, GFE and/or RKA. Abbreviations 
for the collections where the specimens are deposited 
are as follows: INHS, Illinois State Natural History 
UM, University of Massachusetts; VKM, 
personal collection of Dr. V. K. Mayo; CNC, 
Canadian National Collection; UU, University of 
Utah; OSC, Oregon State College; CAS, California 
Academy of Sciences. Specimens without designation 
are deposited in the collection of the University of 


Utah. 


Survey; 


Subgenus Caudatella Edmunds 
(Ephemerella) heterocaudata-group, McDunnough 1935: 

97. 

Caudatella Edmunds 1959: 546 (as subgenus) ; type hete- 
rocaudata McDunnough, by original designation. 

The species of the subgenus Caudatella have been 
at various times placed in three different species 
groups within the genus Ephemerella. Traver (1935) 
placed Ephemerella heterocaudata McDunnough in 
the serrata-group and E. hystrix Traver in the 
needhami-group. McDunnough (1935) first noticed 
the relationship of E. heterocaudata and E. hystrix, 
and placed them together as the jeterocaudata-group. 
Edmunds (1959) erected the subgenus Caudatella 
for this group of species, characterized by the terminal 
filament being longer than the lateral cerci in both 
the nymph and the adult. 

As treated here, the subgenus Caudatella contains 
six species: Ephemerella heterocaudata McDunnough 
(=columbiella McDunnough, 1935: 97, new synon- 
ymy), E. hystrix Traver, E. jacobi McDunnough, 
E. edmundsi Allen, E. orestes, new species, and E. 
cascadia, new species. 

McDunnough (1935) named E. columbiella from 
nymphs and adults collected in British Columbia. He 
distinguished these from EF. heterocaudata on minor 
nymphal morphological differences, especially in the 
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McD., new synonymy) is polytypic, with E. (C.) A. 
californica occurring in the Sierra Nevada mountains of 
central and southern California, and E. (C.) h. circia in 
west-central Oregon. Keys are given to the nymphs and 
to the adults so far as known, and complete synonymies 
and distributions are included. 


character of the paired dorsal abdominal spines. Com- 
parison of topotypical specimens from British Colum- 
bia with others from the known range of E. hetero- 
caudata shows that the nymphs of “E. columbiella” 
fit well within the variability of E. heterocaudata. 
Reared paratype male and female imagoes, and 
nymphs, of “E. columbiella” from the Canadian 
National Collection were compared with E£. hetero- 
caudata, and as McDunnough stated, there are “no 
very tangible differences,” between these specimens 
and typical FE. heterocaudata. Ephemerella colum- 
biella, therefore, is synonym of E. 
heterocaudata. 

After study of material collected throughout its 
known range in western North America, Ephemerella 
heterocaudata is herein divided into three subspecies : 
E. heterocaudata heterocaudata) McDunnough, E. 
heterocaudata californica and E. 
heterocaudata circia new subspecies. 

The following keys will serve to distinguish the 
species and subspecies of the subgenus Caudatella. 
cascadia, E. 


placed as a 


new subspecies, 


The undescribed imagoes of E. orestes 
and E. edmundsi probably have ventral color mark- 
ings and ratios of lateral cerci to terminal filament 
similar to those of the nymphal stages. If so, the 
unknown adults of these species may be associated 
with their respective nymphal stages without rearing. 


IMAGOES 


Abdominal sterna uniformly dark brown with pale 
lateral margins on segments 8-9; genitalia of 
male as in fig. 4 jacobi 

Each abdominal sternum with either three brown 
longitudinal stripes or a shallow dark brown 
chevron (figs. 7 and 8); genitalia of male not as 
above 

Each abdominal sternum with three brown longi- 
tudinal stripes (fig. 7); genitalia of male as in 
fig. 3 heterocaudata 

Each abdominal sternum with a shallow dark brown 
chevron (fig. 8); genitalia of male as in fig. 2 

hystrix 


The ventral abdominal color pattern of the nymphs 
is diagnostic for most species included in this sub- 
genus, but it becomes well formed only when the 
nymph is about half-grown. Also, the color patterns 
may fade out in specimens preserved in alcohol for 
many years. To take advantage of the use of ventral 
cclor pattern and yet not limit its utility, this key has 
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been constructed so that specimens with well-marked 
ventral abdominal color patterns will key with ease. 
Well-marked can be verified, and in- 
distinctly marked specimens will key through a more 
difficult series of couplets starting with couplet 5. 
Ephemerella edmundsi Allen is the only species in 
this subgenus lacking a distinct ventral color pat- 
tern, but it is remarkably distinct morphologically. 


specimens 


NYMPHS 


Abdominal sterna with a conspicuous dark and light 
color pattern (figs. 7 to 9) 

Abdominal sterna unicolorous or nearly so, without 
a contrasting dark and light pattern, or at most 
with only light dots or streaks laterally (fig. 10), 
or color pattern faded, or young nymph with 
color pattern not yet formed 

Each abdominal sternum dark brown with light 
yellow-brown lateral margins (fig. 9) 4 

Each abdominal sternum marked otherwise (figs. 7 
or 8) 3 

Each abdominal sternum with a chevron-shaped 
dark marking (fig. 8) hystrix 

Each abdominal sternum with a median and paired 
sublateral dark stripes (fig. 7) 

heterocaudata, 9 

Occipital tubercles present (fig. 18) 

: ‘ cascadia n. sp. 
Occipital tubercles absent orestes n. sp. 
Paired dorsal abdominal tubercules on terga 1-i0 

(fig. 27); labrum with a deep median notch on 

margin (fig. 22); tarsal claws with two rows of 

denticles (fig. 21) ; maxillary palpi wanting (fig. 

20) edmundsi 
Paired dorsal abdominal tubercles on terga 1-9 or 

2-9; labrum only slightly emarginate on margin 

(fig. 13); tarsal claws with a single row of 

denticles (figs. 15-16); maxillary palpi three- 

segmented (fig. 12) 

Femora with only a few stout spines, and scattered 
hairs; tibiae and tarsi without a distinct row of 
hairs (fig. 16); paired dorsal abdominal tuber- 
cles long and slender (figs. 25-26) 7 

Femora with spines and a distinct row of marginal 
hairs; tibiae and tarsi with a distinct row of 
hairs (fig. 15); paired dorsal abdominal tuber- 
cles short and stout (figs. 23-24) 8 

Occipital tubercles present (fig. 18); paired dorsal 
abdominal tubercles long and strongly divergent 
apically (fig. 25) cascadia n. sp. 

Occipital tubercles absent (fig. 17); paired dorsal 
abdominal tubercles shorter and only slightly 
divergent (fig. 26) hystrix 

Cerci less than one-third as long as terminal fila- 
ment; paired dorsal abdominal tubercles as in 
figs. 1 or 23 heterocaudata, 9 

Cerci at least two-thirds as long as terminal fila- 
ment; paired dorsal abdominal tubercles as in 
fig. 24 orestes n. sp. 

Thorax with paired, submedian, wartlike tubercles 
covered with dense setae (fig. 19) 

h. circia, n. ssp. 

Thorax without wartlike tubercles 10 

Paired dorsal abdominal tubercles on segments 1-9 
(fig. 23) h. californica n. 

Paired dorsal abdominal tubercles on segments 2-9 
only (fig. 1) h. heterocaudata 


SSD. 


Ephemerella heterocaudata McDunnough 
was originally described 
Yellowstone 


This polytypic species 
from nymphs and adults collected in 
National Park, Wyoming. 

The subspecies of Ephemerella heterocaudata may 
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be readily distinguished from one another in the 
nymphal stage by well defined morphological charac- 
ters. Ephemerella h. californica possesses paired 
dorsal submedian tubercles on segment 1, which are 
lacking in the other two subspecies. Ephemerella h. 
circia may in turn be distinguished from E. h. hetero- 
caudata as the nymphs of the former possess wart- 
like tubercles on the thorax, which are not present 
in the latter. Whether the adult stages will be as 
easily distinguished can be decided only after series 
of male adults are available for each subspecies. 

Male Imago (dry).—Length: body 6-7; forewing 
6.5-7.5 mm. Eyes reddish-brown. Thorax olive- 
brown, yellowish patch anterior to the base of the 
wing, containing a black line which descends to the 
coxa of the foreleg; lateral sutures marked with 
black; legs pale olive-brown; fore femora and tibia 
with black markings; wings hyaline with pale veins 
and cross veins. Abdominal terga olive-brown, an- 
terior half of each of the first four segments with 
broad black bands, bands on posterior segments re- 
duced to large semicircular dorsal patches; sterna 
pale olive-brown with midventral and_ sublateral 
longitudinal dark brown stripes as in fig. 7. Caudal 
filaments brown, lateral cerci 20%-30% as long as 
terminal filament. Penes with a shallow median apical 
depression as in fig. 3. 

Female Imago (dry )—Length: 6-7; forewing 6.5- 
7.5mm. Similar to male except for usual sexual dif- 
ferences. 

Mature Nymph.—Length: 7-8; cerci 2-3; terminal 
filament 10-12 mm. Head brown with pale markings, 
roughened but without occipital tubercles; antennae 
brown; maxillary palpi three-segmented as in fig. 12. 
Thorax brown; legs brown, femora with a few mar- 
ginal spines and a distinct row of marginal hairs, 
tibiae and tarsi with a distinct marginal 
hairs (fig. 15), tarsal claws with three to seven den- 
ticles. Abdominal terga olive-brown; anterior half 
of each of the first four segments with broad black 
bands, bands on posterior segments reduced to large 
semicircular dorsal patches; each tergum with a 
series of lateral black patches; paired dorsal ab- 


dominal tubercles on segments 1-9 or 2-9 


row of 


as in figs. 1 
and 23; sterna pale olive-brown with median and 
paired sublateral longitudinal dark brown stripes as 
in fig. 7. Caudal filaments light brown, darker at the 
joinings ; lateral cerci 20% to 30% as long as terminal 
filament. 


Ephememerella heterocaudata heterocaudata 
McDunnough, new status 


Ephemerella heterocaudata McDunnough 1929: 170; Wal- 
ley 1930: 15, 6 figs. (nymph) ; Traver 1935: 603; Allen 
and Edmunds 1956: 87 

Ephemerella columbiella McDunnough 1935: 97, 1 
Traver 1935: 629. New synonymy. 


fig. ; 


Mature Nymph—The nymph of this race is dis- 
tinguishable by the absence of thoracic tubercles and 
the absence of paired, dorsal submedian tubercles on 
tergum one. 
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Fic. 1—Ephemerella heterocaudata heterocaudata, mature female nymph, dorsal view. 
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Type Locality—Upper Geyser Basin, Yellowstone 
National Park, Wyoming. 

Type—No. 2993, Canadian 
Ottawa, Canada. 


National Collection, 


DISTRIBUTION 


Ephemerella h. heterocaudata is a boreal, western 
North American subspecies. It is known from British 
Columbia austrad to Oregon, northern California, 
central Idaho and northwestern Wyoming (figs. 28a, 
28b). The authors have examined specimens from the 
following localities : 

BritisH Co_tumMBiA.—Shuswap 
Creek, Peachland, 17-VIII-33, 
Gartrell (CNC); Shingle Creek 
3-VITI-35, A. N. Gartrell (CNC); Wilson Creek, 
New Denver, 21-VIII-40, V. K. Mayo (VKM). 
CALIFoRNIA.—Siskiyou Co., Swillup Creek, 2-VII-59, 
RKA. Ipano.—Custer Co., Big Lost River, Mackay, 
VIT-48, G. F. Edmunds, Sr. Orecon.—North Butte 
Forest Camp, Rogue River National Forest, 12-VIII- 
50, C. P. Alexander (UM); Wallowa Co., French 
Camp, Lostine River, 18-VIII-52, GFE. Wyomine. 
Yellowstone Na- 


Falls, Trepanier 
16-VII-34, A. N. 


Road, Keremeos, 


—Firehole River, Biscuit Basin, 


tional Park, 21-V1-46, GFE. 


Ephemerella heterocaudata californica, 
new subspecies 
Ephemerella heterocaudata, Day 1954: 28; Day 1956: 98. 


Mature Nymph.—Ephemerella h. californica nymphs 
are distinguished from the nymphs of the other known 
races by possessing paired, dorsal, submedian tuber- 
cles on tergum one (fig. 23), and lacking tubercles 
on the thorax (fig. 19). 

Holotype—Female nymph, Chilacoot Creek, 1 
Bass Lake, Madera Co., California, 19- 
VI-59, Richard K. Allen, in collection University of 
Utah, Salt Lake City. Paratopotype—1 nymph 
(UU). Paratypes—CALIFoRNIA.—Mariposa Co., 1 
nymph, Goose Creek, Yosemite National Park, 19- 
VI-59, RKA (UU); Madera Co., 5 nymphs, stream 
0.8 miles up road to Soquel (off California Highway 
41), Sierra National Forest, 19-VI-59, RKA (UU); 
1 female subimago, East Fork San 
Gabriel Camp Bonita, 16-VI-59, RKA 
(UU); Nevada Co., 1 nymph, Yuba River, 2 miles 
W. Cisco Grove, 6-VIII-59, RKA (UU); 1 nymph, 
Chipmunk Creek, 2-VIII-38, P. R. Needham 
(INHS); 2 nymphs, South Fork Rubicon XI, 100 
yards N. of Bridge, 5-VIII-38, P. R. Needham 
(INHS); 1 nymph, North Fork Creek above Bass 
Lake, 15-VI-34, V. K. Mayo (VKM). 


mile above 


Los Angeles Co., 
River at 


Fic. 2—Ephemerella hystrix, male genitalia, dorsal view. 


view. 


abdominal sterna 3-5. 
Figs. 11-14.—E. heterocaudata, nymphal mouthparts. 
fig. 14, !abium. 


Fic. 4—E. jacohi, male genitalia, dorsal view (after McDunnough, 1939). 
fig. 5, forewing of male imago; fig. 6, hindwing of male imago; fig. 7, 
Fic. 9—E. orestes, abdominal sterna 3-5. 


THE SuBGENUsS Candatella 


DISTRIBUTION 


Ephemerella heterocaudata californica is known 
from the Sierra Nevada Mountains in central Cali- 
fornia, and from a single subimago female collected 
in the San Gabriel Mountains in southern California 
(fig. 28b). 


Ephemerella heterocaudata circia, new subspecies 


Mature Nymph.—This race is distinguished in the 
nymphal stages by the presence of paired submedian 
wartlike tubercles, covered with setae, on the prono- 
tum and mesonotum and a single median wart on the 
mesonotum. 

Holotype—Female Nymph, Umpqua River, Sawyer 
Rapids, 26 mi. E. Reedsport, Douglas Co., Oregon, 
17-VI-58, M. L. Johnson, in collection University of 
Utah, Salt Lake City. 
(UU). 


Paratopotypes.—Five nymphs 


TAXONOMY 


Ephemerella h. circia is a Coast Range form known 
only from its type locality in west central Oregon. It 
presumably intergrades with E. h. heterocaudata 
wherever their ranges meet. Of 14 nymphs collected 
in the Middle Fork of the Willamette River, Lane 
Co., Oregon, where the Coast Range and the Cascades 
converge with the Klamath Mountains, 3 specimens 
totally lacked thoracic tubercles, and 11 specimens 
had varying degrees of development of these tubercles. 
A single nymph with reduced thoracic tubercles was 
also examined from the Willamette 
Walker, Lane Co., Oregon. Streams originating in 
this region of the Cascade Mountains flow through 


River near 


the Coast Ranges and empty into the Pacific Ocean. 
Ephemerella h. heterocaudata and E. h. circia proba- 
bly meet and intergrade in many suitable streams 
in this area (fig. 28b). 


Ephemerella hystrix Traver 


(Without name), Needham 1927: 116. 

Ephemerella hystrix Traver 1934: 212; Traver 1935: 605 
and 628; McDunnough 1935: 98 (redescription) ; 
1954: 25 (=spinosa Mayo 1951; Day 1956: 98; 
and Edmunds 1956: 87. 

Ephemerella spinosa Mayo 1951: 122 (nec Morgan, 1911: 
94). 


Day 


Allen 


This species was briefly described, but not named, 
by Needham (1927) from 
Montana. Traver 


specimens collected in 
(1934) named and 
scribed the species from these specimens. 

Mayo (1951) named Ephemerella spinosa 
specimens collected in California. Day (1954), who 
examined the holotypes of both E. hystrix and E. 


western rede- 


Irom 


Fic. 3—E. heterocaudata, male genitalia, dorsal 
Fics. 5-7.—E. heterocaudata. 
Fic. 8.—E. hystrix, 
sterna 3-5. 
labrum: 


5 
sterna 3-5 
10.—E. edmundst, abdominal 


fig. 11, left mandible; fig. 12, maxilla; fig. 13, 


abdominal 
Fic. 
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spinosa, concluded that these names applied to the 
same species, and placed the name E. spinosa as a 


synonym. 
Among Ephemerella specimens borrowed from the 

Canadian National Collection were reared adults of 

E. hystrix, which are described here for the first 


time. 

Male Imago (dry).—Length: body 7.5-8.5; fore- 
wing 11-12 mm. Eyes reddish brown. Thorax dark 
reddish brown, lateral sutures and base of forewings 
light yellowish brown with a black lateral line which 
runs from the base of the forewing to the coxae of the 
forelegs; prosternum dark brown, nearly black, light 
yellowish brown near bases of legs; mesosternum 
dark brown medially, becoming lighter laterally; an- 
terior half of metasternum dark brown, nearly black, 
posterior half yellow-brown, tibiae and distal end of 
femora of prothoracic legs dark brown; wings hya- 
line, longitudinal veins brown, crossveins pale. Ab- 
dominal terga black; segments 1 and 2 uniformly 
black; segments 3-9 with light oblique yellowish 
streaks that originate near the anterolateral corner 
of the tergum and extend beyond the middle, streaks 
broader and more pronounced on posterior segments ; 
terga 3-8 with yellow lateral border and yellow macu- 
lae at posterolateral corners; terga 8 and 9 yellow 
along posterior margins; tergum 10 with yellow 
lateral and posterior margins; sterna 1-9 each marked 
with a broad dark reddish brown chevron as in fig. 
8; sternum 10 dark brown, the chevron partially or 
entirely obscured. Caudal filaments brown, lateral 
cerci 65%-75% as long as terminal filament. Penes 
with two submedian apical lobes forming a deep 
median depression as in fig. 2. 

Female Imago (dry).—Length: 7.5-8.5; 
11-12 mm. Thorax olive-brown, lighter than in male 
but with same yellowish lateral sutures and dark 
lateral line. Abdominal segments darker than in male 
with color pattern less distinct. Other characters as 
in male except for usual sexual differences. 

Mature Nymph—Length: body 9-11; cerci 6-8: 
terminal filament 9-11 Head brown with pale 
markings; without occipital tubercles (fig. 17); an- 
tennae brown; maxillary palpi three-segmented. Pro- 
notum and mesonotum brown with pale markings; 
legs brown, with scattered spines and hairs only, as 
tarsal claws with 6-10 denticles. Ab- 
dominal terga brown with darker brown markings; 
terga 1-9 with median dark brown triangles; terg: 
2, 3, and 8 with dark lateral oblique dashes; tergum 
9 dark brown, partially obscuring median and lateral 
markings; tergum 10 entirely dark brown; paired 
dorsal submedian tubercles on segments 2-9; tuber- 


forewing 


mm. 


in fig. 16; 


Fic. 15.—Ephemerella heterocaudata, right 
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cles short with bases close together on tergum 2, 


tubercles longer and bases more widely separated to 
tergum 7; tubercles on terga 2-7 uniformly divergent ; 
tubercles on terga 8 and 9 are less divergent, shorter 
and more narrowly separated than those on tergum 
7 (fig. 26); sterna light brown, each with a dark 
brown chevron (fig. 8); sternum 9 may be dark 
brown, partially obscuring chevron. Caudal filaments 
brown, darker at joinings, lateral cerci 65% to 75% 
as long as terminal filament. 

Type Locality—Big Blackfoot 
Montana. 

Type.—Cornell University, Ithaca, New York. 


River, Potomac, 


DISTRIBUTION 


Ephemerella hystrix is a boreal species known to 
occur in six western states and Canada. It is found 
in British Columbia and Montana austrad to north- 
western Wyoming and central California (fig. 28a). 
Specimens of this species have been examined from 
the following localities : 

BritisH Co_tumMsBriaA.—Shingle Creek Road, Kere- 
meos, 31-VII-35, A. N. Gartrell (CNC). Cali- 
fornia.—Shasta Co., Burney Creek, VII-53, W. C. 
Day; Hat Creek at Sandy Public Camp, 2 mi. N. 
Old Station, 3-VII-59, RKA; Inyo Co., Big Pine 
Creek, 25-VI-34, V. K. Mayo (VKM): Big Pine 
Creek (8100’), 2-VII-39, V. K. Mayo (VKM); 
Nevada Co., Eure Valley, 5-VII-48, W. C. Day; 
Eldorado Co., West Fork Carson River, 2 N.E. 
Woodfords, 21-IX-57, GFE and RKA: Mono Co., 
Cottonwood Creek near Ranch, 11-VI-33, 
V. K. Mayo (VKM). Nevapa.—Washoe Co., In- 
cline Creek, 2 mi. W. Mt. Rose Summit, 21-IX-57, 
GFE and RKA. Orecon.—Benton Co., Woods 
Creek near Corvallis, 24-IV-48, E. P. Hughes; 
Woods Creek, 24-IV-36, R. E. Reider (OSC) ; North 
Fork Alsea River, 13-V-35, “Jacobsen” (OSC); 
Wallowa Co., French Camp, Lostine River, 18-VIII- 
52, GFE. WasHiIncton.—Mason Co., Hamma Ham- 
ma River, Olympic National Park, 4-IX-58, GFE 
and RKA. Wyominc.—Yellowstone National Park, 
Iron Creek, 21-VI-49, GFE; Antelope Creek, 17-VI- 
49, GFE; Old Faithful, 6-\VI-42, 
GFE. 


Oasis 


Firehole River, 


Ephemerella jacobi McDunnough 
Ephemerella jacobi McDunnough 1939 : 49, 1 fig. 
This species is known only from the adult stages. 
Male.—Head deep brown; eyes (dried) blackish 
with slight reddish tinge. Pronotum deep brown, the 
lateral edges pale yellowish; mesonotum deep brown, 
shaded with paler laterally and posteriorly, latero- 


Fics. 16-17. E. hystrix. fig. 16, right nymphal 


foreleg; fig. 17, vertex of nymphal head, front view.. Fic. 18—E. cascadia, vertex of nymphal head, front view. 


ric. 19.2. ‘hk. 


maxilla; fig. 21, tarsal claw of right foreleg; fig. 22, labrum. 
inal terga of mature nymph. fig. 23, E. h. californica; fig. 24, E. orestes; fig. 25, E. 


fig. 27, E. edmundsi. 


circia, prothorax, lateral view (anterior margin to the right). 


Fics. 20-22. E. edmundsi. fig. 20, 
Subgenus Caudatella, half of abdom- 
cascadia; fig. 26, E. hystrix; 


Fics. 23-27. 
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FIG 
subspecies of Ephemerella heterocaudata. 


anterior edge deep blackish; scutellum long, narrow, 
with palish area at base and the thin ends of the 
axillary cords projecting caudad beyond its apex for 
a considerable length (as in tibialis and hystrix). 
Pleura and sternum blackish, shaded with paler 
around bases of legs and with a large pale yellowish 


28a.—Distribution map of the species of the subgenus Caudatella. 


Fig. 28b. Distribution map of the 


area cephalad of wing-base, crossed by a black line. 
Metathorax and abdomen blackish, the posterior edges 


of abdomen paler brown, giving a slight ringed ap- 


pearance. Forelegs with femora and tibiae pale 
smoky, the tibia long and almost twice the length of 


femur; tarsi dull ochreous, paler than the preceding 
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joints. Mid- and hindlegs dull ochreous, the femora 
considerably shaded with smoky. Wings narrow, 
hyaline, with entirely pale and inconspicuous cross- 
veins; longitudinal veins fine and pale brownish in 
costal half of wing. Tails broken. Length of fore- 
wing 10 mm. (After McDunnough 1939.) 

Female Imago (dry).—Length: body 6; forewing 
10 mm. Head light brown, eyes blackish. Thorax 
clay brown, yellowish patch anterior to base of fore- 
wing, containing a black line that descends to the 
coxa of the foreleg; lateral sutures marked with 
black; wings hyaline, veins light brown; legs dull 
ochreous. Abdominal terga black with posterior light 
margins, posterior two segments pale with lateral dark 
areas; sterna black, posterior two segments with pale 
lateral margins (caudal filaments missing). 

Type  Locality—Kwieek Creek near 
(2500’), British Columbia. 

Type—No. 4442, Canadian 
Ottawa, Canada. 


Lytton 


National Collection, 


DISTRIBUTION 
This species is known only from the type locality 
in British Columbia (fig. 28a). The authors were 
able to examine a single paratype female imago from 
the Canadian National Collection. 


TAXONOMY 
The nymphs of both EF. cascadia and E. orestes 
exhibit a ventral abdominal color pattern similar to 
E. jacobi imagoes and either of these nymphs may 
eventually prove to be the immature stage of this 


species. 


Ephemerella cascadia, new species 


Ephemerella jacobi? (in part), Allen and Edmunds 1956: 

87. 

Mature Nymph—Length: body 5-7; cerci 4-5; 
terminal filament 6-7 mm. Head brown with pale 
markings; moderately developed paired submedian 
occipital tubercles (fig. 18); antennae light brown; 
maxillary palpi three-segmented. Pronotum brown, 
with low, rounded, paired submedian thoracic tuber- 
cles and paired, sublateral smaller tubercles near the 
hind margin; mesonotum brown, roughened, but 
without tubercles. Legs brown with scattered spines 
and hairs only, similar to those in fig. 16; tarsal 
claws with 7-10 denticles. Abdominal terga light 
brown with variable lateral darker markings; tergum 
10 light brown; long, thin, paired dorsal submedian 
tubercles on segments 2-9 (fig. 25) ; base of tubercles 
on segment 2 close together, becoming more widely 
separated to segments 6 to 8" and closer together on 
segment 9; all tubercles divergent apically; tubercles 
on terga 2 to 4 arise at a nearly perpendicular angle 
with their tips directed posterolaterally; tubercles 
on terga 5-8 directed more laterally and less per- 
pendicularly than any of the preceding tubercles; 
tubercles on tergum 9 nearly straight and directed 
posterolaterally ; sterna dark brown with light brown 
lateral margins similar to those in fig. 9. Caudal 
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filaments brown, lateral cerci 65% to 75% as long 
as terminal filament. 

Holotype—Branch of Still Creek, Timberline 
Lodge Road, Mt. Hood, Clackamas Co., Oregon, 30- 
VIII-58, Richard K. Allen and George F. Edmunds, 
Jr., in collection of University of Utah, Salt Lake 
City. Paratopotypes—3 nymphs, 27-VII-54; 31 
nymphs, 30-VIII-58 (UU). Paratypes.—CaLIForRNIA. 
—Shasta Co., 1 nymph, Kings Creek, Lassen Vol- 
canic National Park, 3-VII-59, RKA. Orecon.— 
Clackamas Co., 1 nymph, Still Creek, Still Creek 
Forest Camp, Mt. Hood, 30-VII-58, GFE and RKA; 
3 nymphs, Government Camp, Mt. Hood National 
Forest, 23-VII-46, H. H. Ross (INHS): Hood 
River Co., 6 nymphs, South Fork Iron Creek, U. S. 
Highway 38, Mt. Hood, 31-VIII-58, GFE and RKA; 
Wasco Co., 1 nymph, Clear Creek, U. S. Highway 
26 near Mt. Hood, 30-VIII-58, GFE and RKA. Some 
paratypes are deposited in the collections of Cali- 
fornia Academy of Sciences, personal collections of 
J. R. Traver and W. C. Day, Canadian National Col- 
lection, Illinois Natural History Survey and the 
University of Florida. 


Ephemerella orestes, new species 

Mature Nymph.—Length: body 6-7; cerci 8-9; 
terminal filament 10-11 mm. Head brown without 
occipital tubercles; antennae brown; maxillary palpi 
three-segmented. Pronotum and mesonotum brown 
without tubercles and with irregular light brown 
markings. Legs brown with rows of long hairs and 
a few short spines similar to those in fig. 15; tarsal 
claws with 6-8 denticles. Abdominal terga brown, 
terga 1-7 dark brown laterally, lighter medially, light 
areas increase in width posteriorly so that terga 8-10 
are nearly light brown as in fig. 24; conspicuous, 
paired dorsal submedian tubercles on 
as in fig. 24, tubercles are narrowly separated on 
tergum 2 and become more widely separated to ter- 
gum 7; tubercles are slightly closer together on 
terga 8 and 9; sterna dark brown with light brown 


segments 2-9, 


lateral margins as in fig. 9, anterolateral corners may 
be darkened. Caudal filaments brown, lateral 
are 75%-85% as long as terminal filament. 

Holotype—East Fork Hood River, Mt. Hood, 
Clackamas Co., Oregon, 27-VIII-54, Richard K. 
Allen and George F. Edmunds, Jr., in collection of 
University of Utah, Salt Lake City. Paratype.—1 
nymph, Little Zig Zag River, 3 mi. below Govern- 
ment Camp, Mt. Hood, Clackamas Co., Oregon, 27- 
VITI-54, GFE and RKA (UU). 


cercl 


TAXONOMY 

Ephemerella orestes appears most closely related to 
E. heterocaudata McDunnough as their legs and dor- 
sal abdominal tubercles are very similar. This new 
species may be readily distinguished from E. /etero- 
caudata and all other known nymphs of this sub- 
genus by the combination of its dark brown ventral 
abdominal color pattern and its extremely long lateral 
cerci. The dark brown ventral color pattern of this 
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species is similar to that of E. cascadia, but the 
paired occipital tubercles and the much longer ab- 
dominal spines of E. cascadia readily distinguish it 


from E. orestes. 


Ephemerella edmundsi Allen 


Ephemerella jacobi? (in part), Allen and Edmunds 1956: 

87. 
Ephemerella edmundsi Allen 1959: 59, 7 figs. 

This species is known only from the nymphal stage. 

Mature Nymph.—Length: body 7-7.5; cerci 5-6; 
terminal filament 8-9 mm. General color uniformly 
light brown. Head without occipital tubercles ; labrum 
hairy and deeply emarginate (fig. 22); maxillae 
with very small palpi or palpifer (fig. 20). Legs 
short and thick, all segments with short heavy spines 
and only scattered hairs; tarsal claws with double 
row of denticles, anterior row with 10-14 small den- 
ticles and posterior row with 9-12 larger denticles 
(fig. 21). Abdomen with conspicuous, paired dorsal 
submedian tubercles on segments 1-10 as in fig. 27; 
width between bases of tubercles narrow on segment 
1, gradually increasing in width to segment 5, nar- 
rowing again to segment 10, tubercles barely discerni- 
ble on segment 10; sterna 4-8 with pale, sometimes 
obscure, brown dashes on lateral margins (fig. 10). 
Caudal filaments light brown, lateral cerci 55% to 
65% as long as terminal filament. 

Type Locality—Woods Creek, Benton Co., Oregon. 

7 ype.—California Academy of Sciences, San Fran- 


cisco, California. 


DISTRIBUTION 


Ephemerella edmundsi is boreal 
species and is known only from a few localities in 


The authors 


presumably a 


the Coast Ranges of western Oregon. 
have examined specimens of this species from the 
following localities: 

OreGoN.—Benton Co., Woods Creek, 13-V-37, 
“Niot” (Holotype, CAS); Lane Co., McKenzie 
River, 9-III-39, “J.E.D.” (UU,OSC); Fall Creek, 
4-V-40, N. L. Sieg (OSC) ; McKenzie River, B. and 
K. Doris State Park, 15-VI-58, M. L. Johnson; 


McKenzie River, H. J. Morton State Park, 15-VII- 
58, M. L. Johnson. 
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Some Observations on Insects Attacking Heliconia' 


LOUIS M. ROTH 
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ABSTRACT 


The larvae of two species of Lepidoptera bore into 
Heliconia in Costa Rica and Honduras. The castniid 
moth Castnia sp. does extensive damage to both the 
rhizome and pseudostem of the plants. The noctuid 
Oroscopa hacupha Schaus bores into the pseudostem, 
petioles, and inflorescence. When the larvae consume 


In banana plantations in Central America, infested 
machetes used to prune the plants may be largely re- 
sponsible for the spread of Pseudomonas solanacearum 
E. F. Sm., the causative agent of bacterial wilt of 
bananas (Moko disease) (Sequeira 1958). Recently 
species of Heliconia have been found to serve as 
natural hosts of the banana wilt bacterium ( Budden- 
hagen 1960). Most of the papers in the literature 
which stress the importance of insects in the above- 
ground spread of P. solanacearum are unsupported by 
experimental evidence (Kelman 1953). However, 
Smith (1896) demonstrated that Leptinotarsa decim- 
lineata (Say) could act as a vector and Nolla (1931) 
found that Diabrotica graminea Baly could also trans- 
mit the pathogen experimentally. 

On July 30, 1960, Dr. Ivan Buddenhagen and the 
writer collected a number of Heliconia latispatha 
Benth. in Palmar, Costa Rica, that had wilted leaves 
and showed pseudostem damage by insects. The in- 
sect damage consisted of holes made through the leaf 
sheaths into the center of the pseudostem where a 
vertical channel had been eaten out in both directions 
from the entrance hole. Although no insects were 
found on this initial survey, Buddenhagen cultured 
tissue adjacent to insect-gnawed regions from a 
damaged Heliconia that appeared to have Moko. 
Pseudomonas solanacearum (banana_ strain) was 
isolated from this tissue. It is possible, that an in- 
sect feeding on this infected plant might transmit 
the bacterium to a healthy plant if it fed on more 
than one plant. This note reports the results of sur- 
veys made to determine the insects which damage 
Heliconia rhizome and pseudostem. In Palmar all 
surveys were made on Heliconia latispatha; in San 
Alejo, Honduras, other species of Heliconia were 
examined for borers. 

Two species of Lepidoptera were found that bored 
into Heliconia. The feeding damage of both of these 
insects (figs. 6, 7) causes wilting of the central leaf 
of the plant. In contrast, when a plant is infected 
with Moko the lateral leaves as well as the central 
one wilt (see Buddenhagen 1960, fig. 2). 

The insect which does extensive damage in both 
the rhizome and pseudostem of Heliconia is the larva 
arrow) of a castniid moth of the genus 
Darlington (1929) has summarized the life 


(fig. 7, 
Castnia. 


1 Accepted for publication January 4, 1961. 


the central shaft of the pseudostem, the central leaf wilts. 
In contrast, when a plant is infected with Pseudomonas 
solanacearum E.F.Sm., the causative agent of bacterial 
wilt of bananas (Moko disease), the lateral leaves as well 
as the central one wilt. Other characteristics of feeding 
damage made by the two borers are described. 


history of Castnia humboldti Bdy. in banana plants 
in Colombia. The biology of this moth is apparently 
similar to that of the present found in 
Heliconia. An empty egg shell of Castnia was found 
at the base of a young sucker of Heliconia. The base 


species 


of young suckers is also the site of oviposition on 
bananas. In Heliconia the pseudostems of young and 
old plants may be extensively hollowed out by the 
larva, and rhizome borings indicate that the larva 
migrates from one pseudostem to another of a mat 
by way of the rhizome. One Castnia pupa was col- 
lected, several feet above ground in a dead plant, en- 
cased in a cocoon made of fibers of the Heliconia 
pseudostem. 

When wilting of the central leaf of Heliconia was 
due to Castnia the larva was usually present in the 
pseudostem or rhizome. Young larvae are often col- 
lected in the pseudostem whereas larger, older larvae 
In his report 
larva in 


are frequently found in the rhizome. 
Darlington (1929) found one Castnia-like 
a species of Heliconia in Colombia. From this and 
the fact that he saw adults of the moth in Heliconia 
thickets he concluded that there “considerable 
evidence, but no proof, that the banana borer of the 
Colombia Division breeds in a local Heliconia, which 
may have been its original food plant.” In 
Alejo, Honduras, a larva of Castnia was found in the 
rhizome of Heliconia collinsiana. 

The species of Castnia found in Heliconia is also 
found in bananas in Palmar, Costa Rica. No definite 
determination could be made at the National Museum, 
but Dr. J. F. Gates Clarke suggested that the speci- 
mens submitted to him might be Castnia drucei 
Schaus. Mr. H. W. Capps stated the pupal cases 
and larval skins of the specimens submitted to Dr. 
Clarke may be drucei Schaus, but no immature stages 
of the species were available in the National Museum 


was 


San 


collection. 

The other moth larva found as a borer in Heli- 
conia latispatha is a small noctuid, Oroscopa hacupha 
Schaus. The damage made by this larva is readily 
distinguishable from that of Castnia. Small holes 
(fig. 5) are bored in the pseudostem, at variable dis- 
tances from the base. These holes may penetrate one 
or more leaf sheaths and do not necessarily 
trate to the center of the pseudostem. A plant may 
have several holes in the pseudostem but will not 
show signs of wilt of the central leaf if the central 


pene- 


613 





ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


Fic. 1.—Oroscopa hacupha. Left, young larva; center, 
mature larva; right, pupa. 
Fic. 2—Oroscopa hacupha. Adult, dorsal view. 
P16. 3.—Oroscopa hacupha. Adult, ventral view. 
(Horizontal bar = 5 mm; all specimens photographed 
at the same magnification; Photographs by E. R. Willis.) 


Table 
Castnia sp. 


Central leaf wilted; larva frequently found in the 
rhizome or pseudostem of such plants. 

Borings in pseudostems of old plants extend into the 
rhizome which is extensively damaged; in young 
suckers the young larvae may hollow out the pseudo- 
stem prior to entering the rhizome. 

Jellylike ooze on the ground near base of plant; larva 
is usually found in the rhizome or pseudostem of such 
plants. 

Usually no external holes made in the pseudostem well 
above ground level*; sometimes a large hole to the ex- 
terior may be found in the rhizome or at the junction 
of pseudostem and rhizome. 


Does not bore into petioles, or inflorescence. 

l in pieces of pseudostem in the laboratory, the 
and make | e irregular holes to the outside. Larvae ready to 
pseudostem thus allowing for escape of the adult moth on maturing 


larvae 
p.pate bore 
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shaft is undamaged. Frequently there is more than 
one hole and these may be connected by internal bor- 
ing; these holes represent entrance and exit holes 
made by the larva. When the central shaft of the 
pseudostem is eaten out (fig. 6) the central leaf 
wilts. Wilting does not occur in outer leaves if their 
sheaths are bored through. Small or large larvae bore 
in the petioles of the leaves but this damage does not 
cause wilting. Larvae were also found boring in the 
inflorescence, and ‘extensive damage may be done in 
this region as evidenced by many dissections. In San 
Alejo, Honduras, two noctuid larvae, similar to those 
collected in Costa Rica, were found in the pseudostems 
of Heliconia latispatha and Heliconia caribaea Lam. 

A gelatinous material (similar to that caused by 
Castnia feeding) may ooze from the holes made by 
Oroscopa. Although this gelatinous substance proba- 
bly indicates that the borings are recent, no larvae 
were found in the burrows containing the jellylike 
masses; however, Buddenhagen (on September 14. 
1960) found one noctuid larva in San Alejo in 
Heliconia latispatha from which jelly was oozing 
from the bored hole. Darlington (1929) in his sur- 
vey of Heliconia in Colombia found a small lepidop- 
terous borer in tunnels from which a clean jelly was 
oozing; this borer may have been similar or related 
to the noctuid discussed here. Examination of dozens 
of plants showing wilted central leaves as a result of 
noctuid activity failed to reveal larvae in the burrows. 
One characteristic sign of the presence of a larva 
in the pseudostem is the finding of moist feces stick- 
ing to the pseudostem below the hole made by the 
larva. The larva protrudes its anal segment out of 
the opening and defecates outside the burrow; this 
was observed in the laboratory. In older borings in 
which no larvae are found these fecal pellets are ap- 
parently washed off or drop off the pseudostem. A 
comparison between feeding damage in Heliconia 
made by Castnia and Oroscopa is shown in table 1. 

The Oroscopa larva is readily distinguishable from 
the Castnia The Castnia larva is whitish 
(including instars see fig. 7) and when 


borers. 
young 


Characteristics of damage to Heliconia latispatha by larvae of Castnia sp. and Oroscopa hacupha. 


Oroscopa hacupha 


Central leaf wilted; larva usually not found after leaf 
has already wilted. 
3orings in pseudostem do not extend into rhizome. 


Jellylike ooze near holes in the pseudostems or petioles ; 
larvae rarely found in these borings. Jelly may ‘collect 
on ground when hole is near base of pseudostem. 
One or more external round (2 to 3 mm. diam.) or 
elongate (from 1 to 4 mm. wide and 5 to 14 mm. 
long) holes in the pseudostem; holes may penetrate a 
single leaf sheath and not reach the center of the 
pseudostem. Feces on the pseudostem outside one of 
these holes usually indicates the presence of a larva. 
May bore into petioles and inflorescence. 


hollow out the center and may on occasion chew laterally 
through pieces of pseudostem, prior to pupation in the 
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Fic. 4.—Oroscopa hacupha. Pupal case constructed from chewed fibers of Heliconia latispatha, in the laboratory 
Fic. 5—Hole (arrow) bored in pseudostem of Heliconia latispatha, by a larva of Oroscopa 
Fic. 6.—Pseudostem of Heliconia latispatha cut open to show central shaft eaten out by a larva of Oroscopa 
Arrow near bottom points to entrance hole. 
Fic. 7.—Pseudostem of Heliconia latispatha cut open to show feeding damage by a larva of Castnia (arro 
Some damage has been done to the rhizome. 
(Photographs from Kodachrome originals by Jim Harrison) 
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full-grown and extended is over 4 inches long with 
a body width of about % inch. The Oroscopa larva 
is dark grey or blackish and only about an inch long 
and % inch wide when full grown (fig. 1). Four 
of the noctuids pupated in the laboratory. Only one 
of these made a case out of pseudostem fibers and 
silk, in which pupation occurred (fig. 4). Although 
the other three larvae did not make pupal cases (fig. 
1) it is probable that normally, in nature, cocoons 
are made. Three pupae took 15 days each to metamor- 
phose. The adult male moth has a wing expanse of 
29 mm. and is predominantly tan with brown bands 
and dark brown and black spots (figs. 2, 3). Schaus 
(1911) has described the female. 

Nothing is known of the biology of Oroscopa. 
Eggs and pupae were not found in the field. Many 
of the feeding holes do not penetrate to the center 
of the pseudostem or if they do, do not necessarily 
extend up and down the mid-channel. Holes without 
internal borings may mean that the larvae were in- 
terrupted in their feeding and killed by predators or 
the holes may represent feeding by larvae which 
migrate from plant to plant and possibly from mat to 
mat. 

Adults of the tenebrionid Alegoria dilatata Laporte 
and elaterid larvae Melanotus sp. were found between 
leaf sheaths and pseudostems of H. latispatha. A. 
dilatata was also found in the channels made by 
Oroscopa larvae in Heliconia pseudostems. 
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SCIENTIFIC NOTE 


Records of Hunterellus theilerae Fiedler 
(Encyrtidae, Chalcidoidea) Parasitizing 
Hyalomma Ticks on Birds Migrating 
Through Egypt! 


HARRY HOOGSTRAAL 
AND 


MAKRAM N. KAISER 


Department of Medical Zoology, United States 
Medical Research Unit Number Three, 
Cairo, Egypt, U.A.R. 


Naval 


Since Fiedler (1953) described Hunterellus theilerae 
(Chalcidoidea, Encyrtidae) as a parasite of nymphs of 
Hyalomma_ truncatum Koch in Marienthal District, 
Southwest Africa, and of Rhipicephalus oculatus Neu- 
mann in Transvaal, South Africa, the only additional 
record for this chalcid has been from a single nymph of 
Hyalomma marginatum rufipes Koch taken on a bird mi- 
grating from East Africa through Egypt to eastern 
Europe or Asia (Kaiser and Hoogstraal 1958). 


From Research Report MR005.09-1402.03, Bureau of Medi- 
cine and Surgery, Department of the Navy, Washington 25, D. C. 
The opinions and assertions contained herein are the private ones 
of the authors and are not to be construed as official or reflect- 
ing the views of the Navy Department of the Naval Service at 


large. Accepted for publication November 1, 1960. 


Subsequently, examination of birds flying northward 
through Egypt during the spring (Hoogstraal et al., in 
press) has provided the additional data for H. theilerae 
presented below. Materials and methods were described 
by Hoogstraal and Kaiser (1957, 1958). All specimens of 
H. theilerae were identified by Dr. B. D. Burks, of the 
United States National Museum. We are grateful to Mr. 
Sobhy Gaber for technical assistance. 


RESULTS 


Between 1957 and 1960, five nymphs of Hyalomma 
marginatum rufipes infested with Hunterellus theilerae 
dropped from three species of migratory birds, Oenanthe 
o. oenanthe (L.), O. isabellina (Temminck), and 
Phoenicurus p. phoenicurus (L.), collected in the Cairo 
area of Egypt while enroute from wintering areas 
in East Africa to breeding grounds in eastern Europe 
and Asia (table 1). These tick nymphs were infested 
by 30 to 65 (average, 47.8) parasites. A total of 239 
parasites was obtained from the five tick nymphs. Thirty 
of these in one tick died as larvae and nymphs. Nine 
males (4.3%) and 200 females (95.7%) of Hunterellus 
theilerae were reared from the remaining 209 immature 
wasps infesting four ticks. An interval of 28 to 39 days 
(average, 33.5 days) elapsed between the date when ticks 
detached from their bird hosts and the emergence of 
adult parasites from ticks. Approximately 1,000 H. mar- 
ginatum rufipes nymphs were taken from migrating birds 
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ScIENTIFIC NOTES 


Table 1.—Hunterellus theilerae from aaa of Hyalomens marginatum vuhge S. 


Date host 
captured 


Bird Host 


20-3-57 
18-3-58 
13-3-59 


Oenanthe o. oenanthe 
Oenanthe isabellina 


Oenanthe isabellina 


Oenanthe isabellina 13-3-59 


Phoenicurus p. phoenicurus 7-4-60 


@ 25 larvae, 5 pupae. 


during this study. Of these, approximately 450 were from 
the three bird species that bore the five theilerae-infested 
nymphs. 


DISCUSSION AND CONCLUSIONS 


Fiedler (1953) obtained 22 females and 4 males of H. 
theilerae from one tick nymph (Hyalomma truncatum), 
and 10 females from a second nymph (Rhipicephalus 
oculatus). The number of parasites recovered from five 
nymphs of H. marginatum rufipes was, in each instance, 
greater than Fiedler’s totals. In Fiedler’s observations, 
as well as in our own, no male parasites emerged from 
one tick nymph and the ratio of males from other tick 
hosts was very low. 

The ratio of thetlerae-infested rufipes nymphs from 
all specimens of the three bird species mentioned above 
was 5 out of approximately 450. The ratio from all 
rufipes specimens from all bird species was 5 in approxi- 
mately 1,000. Nymphs of rufipes that died from other 
causes were not opened to determine whether they were 
infested by chalcids that had also died before emergence. 
However, the blackish color that indicated infestation of 
a tick nymph by chalcids was not observed in any of 
those that died. For this reason, we presume that few, 
if any, were parasitized. 

Although H. theilerae has thus far been reported only 
from Transvaal and Southwest Africa, the bird hosts that 
were carrying the theilerae-infested ticks through Egypt 
winter only in East Africa, possibly as far south as the 
Zambesi River though most probably north of the equator. 

Populations of European Wheatears, Oenanthe o. 
oenanthe (L.), that migrate through Egypt come from 
East Africa north of the Zambesi River, and fly to 
eastern Europe or U.S.S.R., as far east as the Urals. 
Isabelline Wheatears, Oenanthe isabellina (Temmick), 
transiting Egypt from East Africa as far south as 
Tanganyika may be going to western or central U.S.S.R. 
Common Redstarts, Phoenicurus p. phoenicurus (L.) 
winter in East Africa north of the Equator and summer 
from Europe to Central Asia. 

It would be interesting to determine whether H. 
theilerae has ever become established in the breeding 
grounds of these birds between eastern Europe and central 
Asia. 
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Dimorphism in Simuliid Pupae’ 


GORDON FIELD? ann WILBUR LOW* 

The rearing of associated adult mosquitoes, muscoid 
flies, fleas, or beetles with their respective pupal exuviae 
is readily accomplished by isolation. However, black fly 
pupae are not so easily isolated for they frequently occur 
in such numbers on twigs, blades of grass, or trailing 
vegetation that single viable pupae are difficult to obtain. 
In our experience there was a greater mortality among 
pupae removed from the substrate than among relatively 
undisturbed pupae. Excising a single cocoon with its 
pupa often results in the sacrifice of many specimens, 
which loss is an anathema in biologic and taxonomic 
studies. Also, the respiratory apparatus may be snipped 
off, thereby detracting from the value of the empty pupal 
exuviae to complete. t taxonomic studies. Frequent checks 
of rearing vials to intercept an emerging adult is time- 
consuming and relatively unproductive. Consequently, 
many workers have elected to place a number of closely 
packed pupae ina smgie vial and arbitrarily assign adults 
to “‘associated” pupal : kins after emergence (Puri 1925). 
Gibbins (1934) in describing a rearing technique permits 
multiple pupae in one container as do Freeman and 
de Meillon (1953), although the latter authors state that 
isolation of pupae is preferable unless it is certain all are 
cf the same species. Stone and Jamnback (1955) recom- 
mend the rearing of simuliid adults from isolated pupae 
in all taxonomic studies. 

Since simuliid taxonomy, in many areas, is still largely 
in the alpha stage, multiple rearings in one vial or jar 
may be misleading. This procedure cannot give assurance 
that the adult and the selected exuviae are of the same 
species or, in the past, even that they were of the same 
sex if of the same species. Lacking means of determining 
the sex of sumuliid pupae, workers have assigned female 
adults to male pupal exuviae and vice versa. Thus, there 
are cogent reasons why taxonomic studies of immature 


1 Based upon studies by the senior author of Simuliidae of 
Panama under the auspices of the Medical Section, HQ 
USARCARIB. Accepted for publication January 18, 1961. 
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% Entomological Laboratory Technician, Malaria Control 
Brench, Medical Section, HQ USARCARIB, Canal Zone. 
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and adult instars of the Simuliidae should be based upon 
positively associated specimens. Certainly, the subtle dif- 
ferences found between closely related species in the 
simuliid fauna of Panama would have been relegated 
largely to variation had the studies been conducted first 
with mass-reared specimens. 


G H 


Fic. 1—A and B, Pselopelmia sp.; C and D, Simu- 
lium sp.; E and F, Hearlea sp.; G, Hemicnetha sp.; H, 
Hemicnetha sp.; (G and H not of the same species). 


Sexual dimorphism in sumuliid pupae is expressed 
at least one external physical feature, here termed the 
cephalic plate. The cephalic plate (Cp, fig. 1A) is a 
sclerite arising between the antennal sheath bases (AnS, 
fig. 1A) and extending up over the cephalic region of 
the simuliid pupa, its upper margin lying along the dorsal 
T-bar slit through which the adult emerges. This plate is 


BOOK 


LEPIDOPTERA OF IRAQ, Revised Edition. By 
WitrsHiIrE. 1957, 162 pp., 17 pls. (2 col.), 6 
[Available from the Directorate General 
Research and Projects, Ministry of 
Republic of Iraq. Price, Iraqi 
Postage extra. 


THE 
E. P. 
text figures. 
of Agricultural 
Agriculture, Baghdad, 
dinars 1/400 = $3.92. 


This is a revised and enlarged edition of an agricultural 
bulletin published by the Government of Iraq in 1944. In 
the present work more than 900 species of butterflies and 
moths are recorded for Iraq. The text is essentially 
list of the species, but comments on foodplants, seasonal 
and geographic distribution are included when known. 
Four new species and six new subspecies are described. 

Mr. Wiltshire did not intend this to be a handbook for 
the identification of the species listed. Accordingly, no 
keys are included. The adults of some of the species, 
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in a readily observable position in empty pupal exuviae. 

Generally, in empty exuviae the sclerite is at least par- 

tially, if not completely, free along its lateral and_ upper 

margins and can be pressed flat for detailed examination 
or for mounting on a microscope slide. 

The cephalic plate of the female (fig. 1A) is generally 
shorter and broader than that of the male of the same 
species (fig. 1B). The recognition of the sexual differ- 
ences reflected in the cephalic plate facilitates correlation 
of the exuviae with the emerged adult. When sex is the 
only difference between two adults reared in the same 
vial, it is now possible to select by means of the cephalic 
plate the correct exuviae from which each emerged. When 
three mixed adults of one species emerge in a single vial, 
at least one adult can be positively associated with its 
pupal exuviae, and the remaining two of the opposite sex 
can be assigned to pupal skins of the proper sex. 

In our studies of the Simuliidae of Panama, the cephalic 
plate gave positive prediction of the sex of the adult in 
every instance where single isolated pupae produced adults. 
Numerous pharate adults were dissected and the sex of 
each one agreed with that expected on the basis of the 
cephalic plate of the pupa. Furthermore, the numbers of 
each sex when two or more adults emerged in a single 
vial were always found to be within the range of possi- 
bilities indicated by the cephalic plates of the empty pupal 
exuviae. 

Taxonomic features may increase the significance of 
the cephalic plate. Trichomes (Tr, fig. 1B) occur along 
the lower lateral margins and these were found to differ 
between most of the species studied. The shape of this 
sclerite does not appear to permit distinguishing between 
the pupae of closely related species. It is possible that this 
structure may prove to be distinctive for the lower cate- 
gories of the Simuliidae (fig. 1 A-H). Also, the cephalic 
plate may prove helpful in biologic studies where sex 
ratios are involved, for it is now possible to determine the 
sex of emerged adults without examining the adults. 
Empty pupal exuviae frequently outnumber viable pupae 
in stream collections, and this structure can increase the 
information obtainable from them. 
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especially the pest species, those that resemble them, and 


the majority of those described as new, have been illus- 
trated on five plates, two in color. In addition, there are 
a few text illustrations of the genitalia of the new species 
and subspecies and there are 12 plates of line drawings 
consisting mainly of the genitalia of species of Micro- 
lepidoptera. The latter have been reproduced from a work 
by H. G. Amsel in the Bulletin de la Société Fouad I 
d’Entomologie, vol. 33, 1949. 

This work certainly has been and will continue to be 
a useful tool for those interested in the economic species 
of Iraq. Furthermore, it should serve as a base and a 
stimulus to future faunistic studies of the Lepidoptera of 
that country. 

E. L. Topp 


Entomology Research Division 
U.S. Department of Agriculture 
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A MONOGRAPH OF THE IMMATURE STAGES 
OF NEOTROPICAL TIMBER BEETLES (CER- 
AMBYCIDAE), by E. A. J. Durry. British Mu- 
seum (Natural History), 327 pp., 13 pls., September, 
1960. Price: Six pounds, six shillings, from British 
Museum (Natural History), Cromwell Road, London 
S.W.7, England. 


This is the third of a series of excellent regional 
monographs of the immature stages of Cerambycidae of 
the world, meticulously prepared by Mr. E. A. J. Duffy 
of the Commonwealth Institute of Entomology. Volume 
I, A Monograph of the Immature Stages of British and 
Imported Timber Beetles (Cerambycidae), (1953) set 
the pattern and style for the presentation of descriptions 
of species and, where possible, summaries of their life his- 
tories and habits, lists of their host plants and their para- 
sites and predators, statements regarding their economic 
importance, if any, and significant biological references. 
In addition, the first volume includes a brief statement 
of the economic importance of the family, a 40-page com- 
parative account of the biology of Cerambycidae in 
general, a comprehensive presentation of the comparative 
morphology and characters of larvae and pupae, and sug- 
gestions for the collection, rearing, preservation, and 
storage of specimens; 292 figures, mostly prepared by 
Duffy, illustrate the text. An extensive bibliography, 
which by rough estimate must contain more than 750 
titles relating to biology of Cerambycidae, concludes the 
volume. Eight plates comprising 40 photographs are 
largely devoted to larval galleries, pupal cells, eggs and 
immature stages. These occasionally have dead adults 
pinned on or alongside the work samples, a device which 
is useful for comparing size but which lends a touch of 
artificiality that might have been avoided by introducing 
the adults as photographic inserts. 


Volume IT, 
African Timber Beetles (Cerambycidae), appeared in 
1957, and adopted the tested format of Volume I, with 
the addition of a useful host index, a feature retained in 


Volume ITI. 


Volume III provides keys for the identification of 
larvae and/or pupae of 123 genera and 160 species from 
Mexico, Central America, the Caribbean and South 
America and another 67 genera and 78 species which ex- 
tend their ranges into these areas from the north or 
which have been introduced from other parts of the world. 
Host plant or life history data are given in varying de- 
gree for approximately 120 species, much of it derived 
from the author's own field investigations in Trinidad and 
British Guiana. As in the previous volumes, the text is 
illuminated by numerous clear figures (176), practically 
all from the pen of the author. From the viewpoint of 
classification, it may be noted that Duffy as in Volume 
II, retains the Disteniinae in the Cerambycidae, although 
noting their aberrancy from the lepturine types with 
which earlier students associated them. He also pro- 
poses a new subfamily, Oxypeltinae, for Oxypeltus and 
Cheloderus, the larvae of which, while exhibiting certain 
lepturine characters, have the large hypostoma concealed 
by the ventral prothoracic skin, which is attached to the 
base of the submentum, as in Distenia. The anomalous 
adults have been variously regarded as prionine, ceramby- 
cine and lepturine. The Anoploderminae are recognized 
as a subfamily on the basis of adult characters, the larvae 
being unknown. 


A monograph of the Immature Stages of 


These three volumes are not only indispensable for all 
concerned with the identification of immature stages of 
Cerambycidae, but also for students of larval and adult 
taxonomy, biology and ecology. The keys are easy to 
use, the more difficult characters clearly explained or 
illustrated, and the bibliographical references are in- 
valuable for a wide range of purposes. We are pleased to 
learn that Volume IV, dealing with the faunas of Aus- 
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tralia, New Zealand, New Guinea, and neighboring islands 
is in preparation. We trust that even more parts will 
follow. 


E. Gorton LINSLEY 
University of California 
Berkeley 


AND PRODUCT. By 
Dopson. New York: Reinhold Publish- 
1960. xvi + 352 pp. illustrated. 
$5.75; Trade Edition, $6.90. 


EVOLUTION: PROCESS 
Epwarp O. 
ing Corporation, 


College Edition, 


This is a revised and slightly reorganized edition of 
Dodson’s book by the same name formerly published by 
Saunders. The new edition is marked primarily by in- 
creased coverage of recent contributions in comparative 
physiology and biochemistry and in “quantitative aspects 
of evolution.” Most of the alterations involve rearrange- 
ment of material in the light of increased information, 
appropriate expansion or contraction of discussions, and 
addition of several new chapters or other major headings 
without substantial changes in areas covered. 


The principle of evolution stands as the broadest inte- 
grating concept in biology, and as an historical and 
philosophical interpretation of the evidence for and con- 
sequences of evolution the book is of general value to 
biologists and laymen alike. But one cannot read this 
book without being impressed by the paucity of knowledge 
concerning even such fundamental factors of evolution 
as those which keep overlapping, closely related species 
of plants and animals from exchanging genetic material, 
or those which bring them together into reproducing ag- 
gregations. The amount of new information contributed 
to the understanding of evolutionary processes falls woe- 
fully behind the number of theories proposed by biologists, 
as attested by use of phrases such as, . few biologists 
would care to state categorically that [sexual selection] 
plays no role in evolution, but equally few would care 
to ascribe to it a really important role.” The need for 
conclusive, comparative, experimental evidence for even 
the most commonly accepted and seemingly obvious “facts” 
of evolution stands as perhaps the most compelling mes- 
sage of the text. 


Few contributions from the study of comparative ani- 
mal behavior toward an understanding of functional and 
phylogenetic relationships of organisms have found their 
way into this revision. In some sections the material is 
treated in so brief a manner as to gloss over its full 
implications. In other sections, suggested cause-effect 
relationships are surprising: “Perhaps the key to arthro- 
pod evolution is their early development of a thick, chiti- 
nous cuticle. This made necessary the joints ... .In 
order to move the hard pieces of the cuticle, the con- 
tinuous muscular wall became broken up into 
specialized muscles Nevertheless, it is evident 
from the discussions and from the recent references cited 
that a careful attempt at revision has been made. 


One of the strongest contributions of Evolution: Process 
and Product is its liberal use of graphic aids. This is the 
most comprehensible work available covering all of the 
kinds of evidence from plants and from both invertebrate 
and vertebrate animals that bear on the understanding of 
evolution. The relatively small amount of information 
based on entomological studies included should stimulate 
a re-evaluation of research perspective among those of us 
who approach the understanding of living systems through 
the study of insects, living or (too often) dead. 


Tuomas E, Moore 
Department of Zoology and Museum of Zoology 
The University of Michigan 
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INSECTICIDES 


Versatility and lasting residual action have made them useful 
throughout the world for control of insects that attack homes 
and gardens, damage crops, and carry disease. 


HEPTACHLOR 


«fOr 
soil insect control 
in 
agriculture! 


In hundreds of soil insect 
control tests conducted since 
its introduction, Heptachlor 
has proven to be a most 
efficient soil insecticide 
for use on corn and other 
major crops. 


" ao ye 


ENDRIN 
.-. for 
hard to kill 


pests 
of major crops! 


Endrin is relatively 
new, but 1960 saw the 
development of many 
new uses for this 
powerful, versatile 
insecticide. Apples, 
potatoes, cotton and 
other crops were ex- 
tensively treated with 
Endrin during the 
past year. 
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CHLORDANE 


«»-for termite, public 
health, household, 
lawn and garden 
insect control! 


Chlordane continues to be 
a most popular insecticide 
with pest control operators 
and homeowners. It has an 
excellent safety and per- 
formance record. 


TECHNICAL INFORMATION AVAILABLE ON REQUEST FROM 


VELSICOL CHEMICAL CORPORATION 
330 East Grand Avenue, Chicago 11, Illinois 


Velsicol International Corporation, C.A., P.O. Box 1687 — Nassau, Bahamas, 8.W.1. 
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